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Description 

[0001] Copending application U.S Serial No. (notyet assigned; Attorney Docket Number D/A1 679), filed concurrently 
herewith, entitled "Phthalocyanine Compositions/' with the named inventors Jeffery H. Banning, Nan-Xing Hu, James 
D. Mayo. James M. Duff, Rogor E. Gaynor, Rosa M. Duque, and Nam S. Ro, the disclosure of which is totally incor- 
porated herein by reference, discloses compounds of the formula 
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wherein M is an atom or group of atoms capable of bonding to the central cavity of a phthalocyanine molecule, wherein 
axial Jigands optionally can be attached to M. 

[0002] Copending application U.S. SerlaJ No. (not yet assigned; Attorney Docket Number D/A2039), filed concurrently 
■*o herewith, entitled "Methods for Preparing Phthalocyanine Compositions," with the named inventors James M, Duff, 
James D. Mayo, Roger E, Gaynor, Jeffery H. Banning, Michael B. Meinhardt, Randall R. Bridgeman, Nan-Xjng Hu, 
Carol A. Jennings, Marko D. Saban, Paul F. Smith, and Hadi K. Mahabadi, the disclosure of wnich Istotally incorporated, 
herein by reference, discloses a process for preparing a colorant of the formula 
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wherein M is an atom or group of atoms capable of bonding to the central cavity of a phthaiocyanine molecule, wherein 
axial llgands optionally can be attached to M. 

[0004] In general, phase change inks (sometimes referred to as "hot melt inks") are in the solid phase at ambient 
55 temperature, but exist in the liquid phase at the elevated operating temperature of an ink jet printing device. At the jet 
operating temperature, droplets of liquid ink are ejected from the printing device and, when the ink droplets contact 
the surface of the recording substrate, either directly or via an intermediate heated transfer belt or drum, they quickly 
solidify to form a predetermined pattern of solidified Ink drops. Phase change jnks have also been used in other printing 
technologies, 6uch as gravure printing, as disclosed in, for example, U.S. Patent 5,496,879 and German Patent Pub- 
40 llcations DE 4205636AL and DE 420571 3AL, the disclosures of each of which are totally incorporated herein by ref- 
erence. 

[0005] Phase change inks for color printing typically comprise a phase change ink carrier composition which is com- 
bined with a phase change ink compatible cojorant. In a specific embodiment, a series of colored phase change inks 
can be formed by combining Ink carrier compositions with compatible subtractive primary colorants. The subiractive 
primary colored phase change Inks can comprise four component dyes, namely, cyan, magenta, yellow and black, 
although the inks are not limited to these four colors. These subtractive primary colored inks can be formed by using 
a single dye or a mixture of dyes. For example, magenta can be obtained by using a mixture of Solvent Red Dyes or 
a composite black can be obtained by mixing several dyes. U.S. Patent 4,689,560, U.S. Patent 4,689,761 , and U.S. 
Patent 5,372,652, the disclosures of each of which are totally incorporated, herein by reference, teach that the sub- 

50 tractive primary colorants employed can comprise dyes from the classes of Color Index (C.I.), Solvent Dyes, Disperse 
Dyes, modified Acid and Direct Dyes, and Basic Dyes. The colorants can also include pigments, as disclosed In, for 
example, U.S. Patent 6,221,335, the disclosure of which is totally incorporated heretn by reference. U.S. Patent 
5,621 ,022, the disclosure of which is totally incorporated herein by reference, discloses the use of a specific class of 
polymeric dyes in phase change ink compositions. 

9S [0006] Phase change inks havo also been used for applications such as postal marking and industrial marking and 
labelling. 

[0007] Phase change inks are desirable for ink jet printers because they remain in a solid phase at room temperature 
during shipping, long term storage, and the like. In addition, the problems associated with n022le clogging as a result 
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4-msthylpyridine and their vibrational, magnetic and electronic properties I. Reactivity towards oxygen," f. Cariati. D. 
Galizzloli, F. Moraz2onf, and C. Busetto, J. Chem. Soc., Dmton Trans, (1975), 556, the disclosures of each of which 
are totally incorporated herein by reference. 

[0011] Peripherally tetrasubstituted phthalocyanines soluble in organic media are also known. Substituents can be 
either at the 2- (or 3-) positions, or at the 1 - (or 4-) positions, as illustrated below, and typically are bulky (e.g. tertiary- 
atkyl) or contain long alkyl chains (e.g. : more than about five carbons): 



Some reported examples of R-groups conferring solubility are tert-butyl ("Phthalocyanines and related compounds IX. 
Synthesis and electronic absorption spectra of tetra-t-butylphthalocyanines, "S.A Mikhalenko. S. V. Barknova, O.L. 
Lebedev, and E.A Luk'yanets, Zhur. Obschei Khimii, 41 (1971), 2375, the disclosure of which is totally incorporated 
herein by reference), neopentyloxy ("Binccuclear phthalocyanines covalently linked through two-atom and four-atom 
bridges," S. M. Marcuccio, P. I. Svirskaya, S. Greenberg, A, B. P. Lever, C. C. Leznoff. and K. B. Tomer, Can. J. Chem., 
63 (1985), 3957, the disclosure of which is totally incorporated herein by reference), 4-cumylphenoxy ("Molecular as- 
sociation and monolayer formation of soluble phthalocyanine compounds,** A. W. Snow and N. L. Jarvjs, J. Am. Chem. 
Soc., 1 06 (1 984), 4706, the disclosure ol which is totally incorporated herein by reference), oligo{ethyleneoxy) ("Lyo- 
tropic and Ihermotropic mesophase formation of novel tetra[ollgo(eThyieneoxy))-aubstituted phthalocyanines," N. B. 
McKeown and J. Painter, J. Materials Chem., 4 (1 994), 11 53, the disclosure of which is totally incorporated herein by 
reference), long-chain alkysulfamoyi, RNHSO a - (ft. E Wyant, German OffenJegungsschrift, 2,224,063 (1973), the dis- 
closure of which is totally incorporated herein by reference), long-chain alkyl carboxylate, ROCO ("Highly ordered 
monolayer assemblies of phthalocyanine derivatives, - K. Ogawfl, S. Kinoshita, H. Yonehara, H. Nakahara, and F. 
Fukuda, J. Am- Chem. Soc. Chem. Comm., (1989), 477, the disclosure of which Is totally incorporated herein by ref- 
erence), and long-chain alkyl carboxamiae, RNHCO- ("Self-assembling features of soluble nickel phthalocyanines," 
M. Fujiki, H.Tabei, andT. Kurihara, J. Phys. Chem. 0(1988), 1281, the disclosure of which is totally incorporated herein 
by reference), 

[0012] A common feature of ail such tetrasubstituted phthalocyanines is that they are obtained as a mixture of four 
constitutional Isomers resulting from statistical cyciotetrameri2aiion or four isolndolenlne units ("Synthesis and Chro- 
matographic separation of tetrasubstituted and Unsym metrically substituted phthalocyanines/' G. Schmid, M, Som- 
merauer, M. Geyer, and M. Hanack, in Phthalocyanines - Properties and Applications C. C. Leznoff and A. B. P. Lever, 
Editors, Volume 4, Chapter 1 , the disclosure of which is totally incorporated herein by reference). These isomers, which 
are named according to their symmetry 3pace group as C4h, D2h, C2v and Cs, are Illustrated below: 
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Statistical synthesis would give these four isomers In a raiio of 1:1:2:4, respectively. This phenomenon is described In 
more detail in "Separation of 2(3),9<1 0),16(1 7),23(24)-Tetrasubstituted Phthalocyanines with Newly Developed HPLC 

so Phases," M. Sommerauer, C. RaQer, and M. Hanack, J. Am. Chem. Soc, Vol. 118, No. 42, p. 10085 (1996), the dis- 
closure of which is totally incorporated herein by reference, which discloses the synthesis of 2(3),9(1 0),16(i 7) : 23{24)- 
teirasubstituTGd phthalocyanines from 1 ,2-dicyano-4-a!koxybenzGne6 onhe corresponding isoindolines. in each case, 
four Isomers with D^, C 4h , and C 5 symmetry were obtained in the statistically expected yield. The separation of 
the and the D^, isomers was achieved successfully for the first time from the other two isomers with newly developed 

ss HPLC phases based oniwc interactions. In o ne case, a particular pnthalocyanine could be separated into four different 
isomers and characterized by uva/|S and 1 H-NlviR spectroscopy. 

[0013] All four R groups in the class of tetrasubstituted phthalocyanines need not be identical. When two, differently- 
substituted, precursors are cyclotetramerUed to form phthalocyanine, a mixture of six different Isomers are possible 
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^ 1,4-octasubstituted 

Many examples have been reported torthte class; 2,3-alkyl ("Annelides XXIX. Influence of the nature of the side-chains 
on the mesomorphic properties of octasubstituted phthalocyanine derivatives," K. Ohta, L. Jacquemin, C. Sirlin, L. 
Boelo, and J. Simon, New J. Chom. t 12 (1988), 751 ,tho disclosure of which Is totally Incorporated herein by reference), 

23 1 ,4-alkyl ("Synthesis and ch aractorteation of some 1 ,4,8, 11,15,1 8,22,25-cctaalkylphthalocyan ines and 1 ,4,8, 1 \ ,1 5, 1 a t - 
hexaalkyl*22,25-bis(carboxypropyl)phthalocyanines," N. B. McKsown, I. Chambrior, and M- J. CooK, J. Chem. See. 
Perkin Trans., 1 (1990), 11 39, the disclosure of which is totally incorporated herein by reference), 2,3-alkoxy ("Prepa- 
ration of ultrathln layers of moleculany controlled arch iteeiure from polymeric phtnaloeyan ines bytheLangmuir-Biodgott 
technique," E. Orthmann and G. Wegner, Angew. Chem, Int. Ed. Engl, 25 (1986), 1105, the disclosure of which is 

so totally incorporated herein by reference). 1,4-alkoxy ("Synthesis and characterization of some 1,4,8,11,15,18,22,25-oc- 
ta (alkoxymethyl)phthalocyanines: a new series of discotic liquid crystals;' A. N. Cammidge. M.J. Cook, K. J. Harrison, 
and N. B. McKeown, J. Chem. Soc. Perkin Trans., 1 (1991), 3053, the disclosure of which is totally incorporated herein 
by reference), 2,3-alkoxymethylene f A convenient synthesis of octasubstituted pnthalocyanines, " G. Pawlowski and 
M. Hanack, Synthesis (1 980), 287; "Synthesis of a polar discogen. A new type of discotic mesophase," C. Piechoki 

ss and J. Simon, Chem. Comm. (1 985), 259, the disclosures of each of which are totally incorporated herein by reference) , 
1 ,4-aJkoxymethylene (Octa-alkoxyphthalocyanine and naphthalocyanine derivatives: dyes with Q-band absorption in 
the far red or near infrared," M. J. Cook, A. J. Dunn, S. D. Howe, A, J. Thomson, and K. J. Harrison, J. Chem. Soc. 
Perkin Trans., 1 (1988), 2453, the disclosure of which is totally incorporated herein by reference), and 2,3-alkyldicar- 
boximide (N. Kobayashi, Y. Nishiyama, T. Oya, and M. Sato, J. Chem. Soc. Chem. Comm., (1 987), 390, the disclosure 

40 of which is totally incorporated herein by reference). Many of the compounds in this class exhibit liquid crystalline 
behavior as discussed in "Phthalocyanlne-Based Liquid Crystals: Towards Submlcronle Devices," J. Simon and P. Bas- 
soul, Chapter 6, Volume 4 of Phthatocyanines-properties and Applications, C. C. Leznoff and A. B. P. Lever (VCH 
Publishers Inc. N, Y), the disclosure of which Is totally incorporated herein by reference. 

[OOlti] Substituted metal pnthalocyanines may be prepared by, Tor example, the cyclotetramerization, generally in a 
43 high boiling solvent, of suitable precursors In the presence of a metal salt. Suitable precursors are substituted phthalo- 
nltriies, 1 ,3-dllmlnoteondoiines, ortho-cyanobenzamide, phthalic anhydrides, and phthallmldes. With the latter two pre- 
cursors, a source of ammonia such as urea is provided to obtain phthalocyanine (F. H. Moser and A. L. Thomas, "The 
Pnthalocyanines. Volume 1, Properties," CRC Press, 1983, the disclosure of which Is totally Incorporated herein by 
reference). Metal-free phthalocyanine can be obtained by, for example, refluxlng phthalonitrile with ammonia gas In 
so 2-N,N-dlmethylaminoethanol (P. J. Brach, J. Grammatica, O. A. Ossanna, and I. Weinberger, J. heterocyclic Chem., 
7(1 970), 1403, the disclosure of which is totally Incorporated herein by reference), by the condensation of phthalonitrile 
in hydroqulnone solvent (J. A. Thompson, K. Murata, D. C. Miller, J. L Stanton, W. E. Broderick, B. M, Hoffmann, and 
J. A Ibers, inorganic Chem., 32 (1993), 3546, the disclosure of which is totally incorporated herein by reforonco), or 
by the treatment of dilithium phthalocyanine with acid (N. B. McKeown, I. Chambrier. and M. J. Cook, J- Chem. Soc. 
55 Perkin Trans., 1 , (1 990), 1169, the disclosure ot which Is totally incorporated heroin by reference). 

[0017] Some suitable precursors for synthesis of substituted phtnalocyan ines, such as 3- and ^substituted phthalic 
anhydrides, phthalimides, and phthaionitriles, are commercially available (see, for example, Sigma-Aldrich Company's 
Handbook of Fine Chemicals and Laboratory Equipment, the disclosure of which is totally incorporated herein by ref- 
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wherein R 1 is a substituted or unaubetltuted alkyl group and may be the same or different, and Met is two hydrogen 
atoms, a divalent metal atom, or a trivalcnt or tetravalent metal derivative, with 1 to 6 mole ratio of a halogcnating agent 
ss at 0° to 260°C In a solvent of from 1 to 1 000 times by weight. 

[0021] U.S. Patent 5,1 49, BOO (Kluger et al.), the disclosure of which is totally incorporated herein by reference, 
discloses a colorant for natural or synthetic resinous or polymeric materials, having the formula: 

3Q A-[D-Z-S0 2 -N(R 2 )-Y]„ 6 

wherein R 2 is selected from hydrogen, metnyl, cycfohexyl, phenyl, or Y; A is a nonionic metallophthalocyanine chromo- 
phore which can be substituted for example with halogen, alkyl, alkoxy, alkylthio, or aryloxy; Z is an aryleno moiety; D 
is a linking group being or containing at least one of -O-, -S-, -S0 2 -, -N(R 3 )-, or -N{S0 2 R^)- as the linking moiety, 

35 wherein R 4 is unsubstltuted or substituted alkyl, cycloalkyl, or aryl, and 83 is R 4 or hydrogen; Y is a poty(oxyalkylene) 
moiety containing at least three monomeric units of the formula (-RO-) wherein each R is straight or branched alKylene 
of 1-4 carbons or mixtures thereof, up to about 20 mole percent of said monomeric units may be connected by one or 
more linking groups such as alkyleneoxy, -NH-, or -NHCONH-, and wherein Y can be terminated by hydrogen, or by 
or contain as branch substituents, 1-3 groups or moieties selected from alkyl, cycloaikyl, acyl, or aryl; wherein any of 

40 the above recited hydrocarbon groups, moieties or substituents may themselves be substituted with up to four substit- 
uents selected, for example, from alkyl, halogen, mercapto, alkoxycarbonyl, hydroxy, alkoxy, or the like; and wherein 
each aliphatic hydrocarbon portion or moiety of the groups, moieties or substituents recited above contains from 1 -20 
carbons. 

[0022] U .S. Patent 4 f 875,go3 (Pedrazzi), the disclosure ot wnich is totally incorporated herein by references discloses 
43 compounds of the formula 



50 




ss 

wherein each is Independently hydrogen, alkyl, or C w alkyl monosubstituted by hydroxy, halo, cyano, or C v + 
alkoxy, each of andX 3 is Independently halo, hydroxy, alkyl. C V4 alkoxy, phenyl, phenoxy, amino, or an aliphatic, 
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20 wherein M, X, Y, x, and y are as defined above, with z moles each of dimethylformamide and phosphoryl chloride. 
[0025] European Patent Application EP 0742255 (Wolleb et al.), the disclosure of which is totally incorporated herein 
by reference, discloses the coloration of high moJecular weight organic materials in the mass with soluble phthalocy- 
anine precursors of structure 



25 




or isomers thereof, to the soluble phthalocyanine precursors as such wherein M is Zn, Ti, or V or wherein L 1 is mor- 
pholino, pyrrolldlno or C 1 -C 12 alkyl substituted piperieino, to compositions containing high molecular weight organic 
45 materials and the above soluble phthalocyanine precursors, and to a process for making structured color images and 
applications thereof. 

[0026] European Patent Application EP 787732 (Reynolds et al.), the disclosure of which is totally incorporated 
herein by reference, discloses phthalocyanine compounds substituted by from 1 to 8 substituente of formula (-O-R-O-) 
wherein R is a 1 ,2-arylene group. Preferably, the phthalocyanine compounds are substituted by catechol. Additional 

so substituents which may be present include hydrocarbyloxy, hydrocarbylthio, halogen, and sulfonic acid or a salt thereof . 
[0027] European Patent Publication EP 1 013721 (Smwrt2), the disclosure of which is totally incorporated herein by 
reference, discloses eolid preparations of metal -containing or mctal-f rcc phthalocyanine dyes which have an average 
particle size of greater than 100 microns and which have a pH of greator than or oqual to 10 when dissolved in 10 
times the amount of water. The dyes are particularly suitable for the dyeing and printing of paper, after dissolution in 

55 water. 

[0028] European Patent Publication EP 540953 (Gerson et al.), the disclosure of which is totally incorporated herein 
by reference, discloses solid solutions containing (a) about 90 to about 10 percent by weight of a chlorinated copper 
phthalocyanine containing about 14 to about 1 6 atoms of chlorine per molecule, and (b) about 1 0 to about 90 percent 
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[Rs is an alkyl, an aikoxy, a (substituted) phenyl(oxy) or a benzyl(oxy)]; regarding the positions of R 1 to R 4l Is at C t 
or C 4 , R 2 is at C s or C a , R 3 is at C 9 or C 12 , and R 4 is at C l3 or C 1B ; M is a pair of H atoms, a divalent metal, or a metal 
35 derivative of atrivalent or tetravalent metal. Further, thecompound is preferably obtained by reacting (A) aphthalonitrile 
compound of formula III 



40 



45 




with (B) a metal derivative (e.g. palladium chloride) e.g. in a ratio of the component B: the component A of 1:3 to 1 ;6 
(mol ratio) in the presence of a catalyst sue h as 1 ,8-diazabicyclo[5 r 4,0]-7-undecene in a solvent such as n-aminoalcohol 
at 1 30-230 6 C for S to 1 S hours. The compound has a high solubility and absorption coefficient and ie capable of providing 
a color filter excellent In transparency behavior, light resistance, and heat resistance. 
55 [0033] Japanese Patent Publication JP 8225751 (Masaji ei a!.), tne disclosure of which is totally incorporated heroin 
by reference, discloses a compound obtained by reacting (A) a phthaionitrile compound of formula I 
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CH 3 
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and an organic base (e.g. i,8-diazabicyc)o[5.4.o]-7-undecene) are dissolved in a solvent (e.g. amyl alcohol) under 
20 heating. A metal compound (e.g. CuCI 2 is added to tne solution under agitation, and heated, and the solvent is removed 
from the reaction mixture in a vacuum after the reaction to obtain a phthalocyanine compound (e.g. compound repre- 
sented by formula II) 
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io with a metal oxide or halide or a metal salt of an organic acid of the formula M m X„ wherein M is a metal or a metal 
oxide, X is O, halogen, or an organic acid group, and m and n are each 1 to 5. The phthalocyanine compound has an 
absorption band in the near-infrared region of 650 to 900 nanometers and an excellent solubility especially in an alco- 
holic solvent 

[0037] Japanese Patent Publication JP 62111249 (Norihito et al.), the disclosure of which is totally incorporated 
's herein by reference! discloses a photosensitive composition principally comprising a photosensitive diazo resin and a 
lipophilic high molecular compound, wherein said photosensitive composition further contains a metal complex dye 
soluble in an organic solvent. Also disclosed is a photosensitive lithographic printing plate employing such a photo- 
sensitive composition. 

[0038] Japanese Patent Publication JP 6114B597 (Miehitoku et al.). the disclosure of which is totally incorporated 
20 herein by reference, discloses a way to obtain a clear haJMone transfer picture of higher density levels than in the case 
of transfer using only dye by a method in which a thermal transfer ink sheet is made up using a filler and a dye so as 
to obtain the same hue and the recording density in the high-density region is complemented by the transfer of the 
filler. A toluene solution of polyester resin is coated on a base material of condenser paper and dried to form an inter- 
mediate adhesive layer, A solution of Kayaset blue-K-FL as a dye, an aliphatic amide as a low-melting substance, a 
£5 paraffin wax as an auxiliary to lower the viscosity of the low-melting substance, and copper phthalocyanine as inorganic 
pigment filler in acetone is coated by a bar coater on the intermediate layer and dried to form an ink layer. A recording 
paper is laminated on the ink layer side of the ink sheet and solid transfer printing is made by using a thermal facsimile 
device to obtain dear cyanine-color transfer picture. 

[0039] Japanese Patent Publication JP 58196295 (Makoto), the disclosure of which is totally incorporated herein by 
so reference, discloses a way to recognize easily the surface part of a metal plate covered with a solid lubricant with the 
eye and to prevent the deterioration of pressing properties and dragging resistance caused by unevenness of coating, 
by adding a colorant to a solution of the solid lubricant. A solid lubricant consisting essentially of metallic soap, higher 
fatty acid, wax, etc. or a solid lubricant consisting essentially of an organic synthetic resin such as water-soluble acrylic 
polymer, etc. is blended with pigment or dye such as copper phthalocyanine blue, eta in a volume ratio of usually (25; 



[0040] Japanese Patent Publication JP 00290577 (Naoakietal.), the disclosure of which is totally incorporated herein 
by reference, discloses a way to improve pigment-dispersing properties and resistance to drying by compounding a 
pigment, water, a water-soluble organic solvent and caprolactam. With a mixed solvent comprising water and 2 to 60 
weight percent, preferably 5 to 35 weight percent, of a water-soluble organic solvent are admixed 1 to 25 weight percent, 
40 preferably 2 to 15 weight percent, of an inorganic pigment such as carbon black, ultramarine blue, or the like or an 
organic pigment such as copper phthalocyanine blue, benzidine yellow, or the like, 0.1 to 20 weight percent, preferably 
1 to 10 weight percent of caprolactam of the formula and, as required, additives such as a pH adjusting agent, an 
antiseptic agent, a mildew-proofing agent, a fluorine-containing surfactant, a nonionio, anionic or eationic surfactant, 
an anti-foaming agent or the like. This ink composition hardly suffers from fioccuiation and sedimentation of pigments 
45 and can maintain not only the same density of handwriting as in the initial stage even wnen filled in a writing tool ana 
left upright or upside-down but also the same volume of an ink discharged In writing as In the Initial stage even when 
a writing tip is left exposed to the outside and the solid content is raised by evaporation of a solvent. 
[0041] "Synthesis and Characterization of Di-drsubstituted Phthalocyanines," J. G. Young and W. Onyebuagu, J. 
Org. Chem., Vol, 55, No. 7, p. 2 1 55 (1 990), the disclosure of which is totally incorporated herein by reference, discloses 
so an improved approach to the synthesis of d»-disubstituted phthalocyanines from two different phthalyl precursors. The 
method combines substituted 1 ,3-diiminoiso in doles and 6/7-nitro-1 ,3,3-trichloroisoindolenine to synthesize phihalocy- 
anine. Tne method can be applied to the synthesis of hydrogen and mctallo phthalocyanine. The yields are variable, 
ranging from 17 percent to 72 percent depending on the substituents. 

[0042] "Separation of 2(3),9(1 0) f 16(1 7),23(24)-Tetrasubstituted Phthalocyanines with Newly Developed HPUC Phas- 
55 es," M. Sommerausr, c. Rager, and M, Hanack, J. Am. Chem. See., Vol. 118, No. 42, p. 10085 (1998), the disclosure 
of which is totally incorporated herein by reference, discloses the synthesis of 2(3),9(10),16(17),23<24)-tetrasubstituted 
phthalocyanines from 1,2-dicyano-4-alkoxyben2enss or the corresponding isoindolines. In each case, four isomers 
with 0 2h and C s symmetry were obtained in tne statistical expected yield. The separation of the and the 
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30 wherein M is an atom or group of atoms capable of bonding to the central cavity of a phthalocyanine molecule, wherein 
axial ligands optionally can be attached to M. 

DETAILED DESCRIPTION OF THE INVENTION 

as [0048] The present invention is directed to phase change inks containing colorant compounds of the formula 

40 
45 

so 

55 
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[0052] In one embodiment, the colorant molecules of The present Invention exhibit a spectral strength, measured as 
described prior to the Examples hereinbelow, in one embodiment of at least about 1 X10 5 milliliters absorbance per 

so gram, and in another embodiment of at least about 1 .15x1 0 s milliliters absorbance per gram, and in one embodiment 
of no more than about 1.5X10 5 milliliters absorbance per gram, and in another embodiment of no more than about 
1.3x10 s milliliters absorbance per gram, although ihe spectral strength can be outside of these ranges, 
[0053] The colorant molecules of the present invention can be prepared by any desired or effective process. In one 
embodiment, the process is carried out in two steps, the first of which is the synthesis of tfie alkyiaryleiher adduct of 

as phthalonitriie (4-(3-n-pentadecyJ)phenoxyphthalonitrile): 



40 



4S 



so 




55 

TTifs process can be carried out by reacting the desired C 15 phenol (3-n-pentadecylphenol) with 4-nitrophthalonitrile 
in the presence of a base. Examples of suitable C 15 phenols are commercially available as, for example, CARDOLITE&, 
predominantly a meta C 15 alkyl phenol obtained from cashew nut distillation and containing small amounts of naturally 
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and containing small amouw^J^SSSST^ 1S , T IT* ° bM f rom nut dls «'^"n 

' tributylamine, and the «ke). Pipendi^S^ 

pies of inorganic bases include (but Bn^mS^uS^' ? 85 We " 35 m,xlUres £hereof - Exam ' 

Ifthiumcarbonate.sodiumwrbonat "Z^uT^lTw " S ° d ' U,n Mroxide ' P° tassium hydroxide, 

alkoxide. sodium a^ide,^^ "^T P^ 58 ''"'" «*<^ 

pmpoxide, butoxide (inch*. tCX) and m S» *' T * "* **" ,6 - metnoxide - 

« dissolved in any solvent capawe ^^x^^kl^^l TT™ ^ re ° l The raacIarrts are 

acetone, toluene, nitrobenzene, dimethyl S^T^eL ™^ , ethan °'' propano1 ' butanel - dit >* a " a . 

roiidinone. sulfolane. and the mTZ*^ 1-eyetehwylW 

bodimentisat.eastabout0. 5 partsS;;;nTi t?e r^l Sl'S^^'S"' "T" °~ 
is at least about 2 parts by weiohi solvent an e^n, i r.!*^ 1 P k . 1 T 15 phem "' and In another embodiment 
than about 20 parts by J*SXZZJ SLIT nan bv wLm f i 5 "T^ 8nd * ° ne ■"*•*»"« " "° more 
than abou, 6 parts by weight ISSJS^^S^K SSSTiT - ? amt > odi ™« ■ " ^re 

or these ranges. Typically, the C 15 phenol aL ff£Tff!2? S . *? ' ' h ° U9h the 8olidS Content can be outeiae 
mature. In one embodi to a SC^tT^SSS IS, S ,£, "°™ d by ^ 0,6 reaClion 
a. .east about BO-C. and in one embo«Len, to a tempStu™ loS^ Z IT * ' I T"" °' 
to a temperature of no more than about 120-C ai!h™.nh ,Z *Z . lnanabou, 1 50 c > and « another embodiment 
of time In one embodiment XSSiSSt oJ^^^SSSZSS" T'T * ,he8e range3 - for a P e "° d 
one embodiment of no more than about 8 ihou« f and in ZtZ I 1 emb< *" me nt of at .east about 0.5 hour, and in 
the time can be outside of these anS ^S^LT^SS^ "° * h ° Ura ' afth0U 9 h 

is formed; optionally, the 4-nitrophthL^ lhe . c « Pbenox.de salt 

case the preheating step is elated. Thereafter. ,he ZS^^^S^^^^T' ""?** 
reaction rnbcture is then heated, in one embodiment to a tempeSuri of at2a^ l£5S££ J^nZZT"! 2" ^ 
to a temperature of at leest about 70«C arid In ene ^mh^i™,,, . . ' d 10 another embodiment 

in another embodiment to a tempera.uVe of ^ moreThan S 5 SrC ,U ? ? 00 ^ ^ abOUt 1S °° C ' and 
these ranges, for a period o, time in one tEZ* «^ ^ fltht ^ OUt6ide ° f 

least about 0.5 hour, and in one embodiment of no mi^^ZS^ 0< " 

re^me^^ 
embodlmentotat-easra^^^ 

weight reaction solution, although the relative amounts can L S! P«apKa« solvent peravery 1 part by 

onhealKylary^^ 

2 percent sod.um hydroxide) and filtered, and then returned and ftiterod with pure water and SIMILE 
until ^organic and/or organic sate are removed from the product and the nitrate te of iSSi oh h T T T 
of less than about 20 microSlemens. ,f d eS .red. tne product can bJ ^irthe Sd bv sS« ,nn a f^ , T'^ 
methanol, etnanol, propanol, isopropanol acetone N nr dimeThv^^r ™! V s ' urrvln 9 ,l ln a sofveM . s "ch as 

minor organic contaminants from the alKyla^xyphmalonlMte intermedial SIS'SSlES^ST!" 
iM be dried by heating under vacuum at a temperature in one embedment* at tea t «SS S)?c and JTSiS 
embodiment of at least about 25°C, and In one embodiment of no mora than about OO'C aZt fnoTher enSod^n 
of no more than about SO"C, although the lemoerature enn h« A „t»i^ , another embodiment 

of at ,eas, about 1 hour, and in ono 1 !!^!^^^^ 

TuZ^Z^rT?" 6 *' adp ™»«»P-»y « a ^ough not nSS^ t S ^0°^' 
Purity of the final product in ono embodiment (although not necessarily is oronarthan ^K rt ..t fi6 percent, 
by any conventional ana^technlque, such as Hig'h 

71T^T ' 6440,1 83 methan01, e,han °'' ^P 8 " 01 ' and me " ks - coollna » * « andTSg S 
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[0054] For the synthesis of the alkylarylether adduct of phthalonitrife, the molar ratio of C 15 pnenol to 4-nitrophthalo- 
nitnle In one embodiment is at least about 1:1, and in one embodiment is no more than about 3:1, and in another 
embodiment is no more than aboui 1 .5:1 , although the molar ratio can be outside of these ranges, and the molar ratio 
of C 15 phenol to base in one embodiment is at least about 1 :1 . and in one embodiment is no more than about 3' 1 and 
5 in another embodiment is no more than about 1 :1 to about 1 .5:1 , although the molar ratiocan be outside of these rano.es 
[0055] In this embodiment, the second step in the synthesis of the colorant molecules of the present invention entaifs 
conversion of the alkylarylether phlhalonitrile adduct to the phlhalocyanine: 



w 




This process can be carried out by reacting the alKylarylether phthalonlthle adduct with a metal compound. Examples 
G0 of suitable metal compounds include anhydrous and hydrated salts or complexes of the formula 

MX n -yH 2 0 

wherein M is a metal, such as lithium, sodium, potassium, beryllium, magnesium, calcium, scandium, titanium, 2irco- 
nium, vanadium, niobium, chromium, molybdenum, manganese, rhenium, iron, ruthenium, cobalt, rhodium, nickel, 
palladium, platinum, copper, zinc, cadmium, aluminum, gallium, indium, silicon, germanium, tin, lead, and the like, X 
Is an anion, such as a carboxylate-containing moiety, such as formate, acetate, acetoacetale, propionate, butyrate, 



31 



"PAGE 35/61 % RCVD AT 5/412005 1 0:28:31 AM [Eastern Daylight The] 1 SVR:USPT0-EFXRF-1/3 ■ DN1S:8729306 • CSID:+5854235240 ■ DURATION (miM$):3840 



2005-May-04 10:00 Frora-XEROX 



+5854235240 



T-982 P. 036/061 F-083 



EP 1 335 006 A1 

» 

benzoate, and the like, an alkoxide, such as methoxlde, ethoxide, isopropoxide, or the like, acetyl acetonate, a halide 
atom, such as fluoride, chloride, bromide, or iodide, sulfate, alkyl sulfonate, a/yl sulfonate, nitrate, nitrite, phosphate, 
and the fike. n is a number representing the valence of the metal, and y is an integer of from 0 to 1 0. Specific examples 
include (but are not limited to) anhydrous copper chloride, hydrated copper chloride, anhydrous copper acetate, hy- 
5 drated copper acetate, anhydrous copper sulfate, hydrated copper sulfate, anhydrous copper nitrate, hydrated copper 
nitrate, anhydrous copper bromide, hydrated copper bromide, and the like, as well as mixtures thereof. The alky- 
larylether phthaionitrile adduct, metal compound, and a solvent, such as ethylene glycol, arnyl alcohol, hexanol. hep- 
tanol, tetralin, decalin, ISOPAR® (refined mineral spirits solvents available from Exxon), xylene, tributyt amine, N,N- 
dimethylaniline, quinoline, 1 -chioronaphthalene, trialkanolamlnes, monoalkyl dialkanolamtnes, dlalkyl monoal- 
»0 kanolamines (such as 2-dimethylaminoethanol, 2-dlethylaminoethanol, 2-dimethytamlno-l^ropanol, and the like), ' 
dimethylsulfoxlde, N,N-dimethylformamide t N.N-dimethylacetamrde, 1 -methyl-2-pyrroIidinonB, N-cyclohexyl-2-pyrro- 
lidinone, sulfolane, and the like, as well as mixtures thereof, are combined to form the reaction mixture. The solids 
content of the reaction mixture in one embodiment Is at least about 3 parts by weight alkylarylether phthaionitrile adduct 
per every 100 parts by weight solvent, and in another embodiment is at least about 10 parts by weight alkylarylether 
15 phthaionitrile adduct per every i oo parts by weight solvent, and in one embodiment is no more than about 60 parts by 
weight alkylarylether phthaionitrile adduct per every 100 parts by weight solvent, and In another embodiment is no 
mone than about 30 parts by weight alkylarylether phthaionitrile adduct per every 1 00 parts by weight solvent, although 
The solids content can be outside of mese ranges. The reaction mixture Is heated to reflux. Reflux temperature in one 
embodiment is at least about 80°C , and in another embodiment is at least about 1 40°C, and in one embodiment is no 

so more than about 250*C, and in another embodiment is no more than about 190°C, although the temperature can be 
outside of these ranges. The reaction mixture is ref luxed for a period of time in one embodiment of at least about 1 
hour, and rn another embodiment of at least about 2 hours, and in one embodiment of no more than about 24 hours, 
and in another embodiment of no more than about 8 hours, although the time can be outside of these ranges. Thereafter, 
the reaction is cooled to a temperature in one embodiment of at least about 25°C, and in another embodiment of at 

ss least about 50°C, and in one embodiment of no more than about 150°C, and in another embodiment of no more than 
about 1 00*C, although the temperature can be outside of these ranges, filtered, typically through a filter of paper, glass 
fiber, pofy propylene, GOfiETEX®, and the like, although other methods of filtration can also be used, and washed with 
a solvent, such as water, acetone, methyl ethyl ketone, methyl isobutyl ketone, methanol, ethanol. propanol T butanoi, 
acetone, dimethyl formamide, dimeihyl suboxide, N-methyl pyrrolidine, sulfolane, and the like, as well as mixtures 

30 thereof. If desired, the precipitated blue solids can then again be filtered, slurried with a solvent, such as acetone, 
methyl ethyl ketone, methyl isobutyl ketone, methanol, ethanol, propanol. butanoi, acetone, dimethyl formamide, dime- 
thyl sulfoxide, N-methyl pyrrolidinone, sulfolane, and the like, as well as mixtures thereof, in relative amounts In one 
embodiment of at least about 3 parts by weight solvent per every 1 part by weight product, and in one embodiment of 
no more than about 1 00 parts by weight solvent per every 1 pan by weight product, although the relative amounts can 

55 be outside of these ranges, for a period of time in one embodiment of at least about 0.S hour, and in one embodiment 
of no more than about 24 hours, although the time can be outside of these ranges, and at a temperature in one em- 
bodiment of at least about 25*C, and in another embodiment of at least about 50°C, and in one embodiment of no 
more than about 200°C f and in another embodiment of no more than about 1 0O°C, although the temperature can be 
outside of these ranges. The product is then filtered again and dried. 

40 [0056] If desired, a catalyst or reaction promoter can also be included in the reaction mixture. Examples of suitable 
catalysts or reaction promoters include trial kanolamines, dialkyl monoalkanolaminee, monoalkyl dialkanolamines, and 
the like, wherein the alkyl groups, which can be connected to the nitrogen atom th rough a primary, secondary, or tertiary 
carbon atom, in one embodiment have from 1 to about 6 carbon atoms, and in another embodiment have from 1 to 
about 3 carbon atoms, although rne number of carbon atoms can be outside of these ranges, including {but not limited 

45 to) methyl, ethyl, n-propyl, isopropyl, and the like, and wherein the alkanol groups, which can be primary, secondary, 
or tertiary alkanols and can be connected to the nitrogen atom through a primary, secondary, or tertiary cartoon atom, 
in one embodiment have from about 2 to about 6 carbon atoms, and in another embodiment have from about 2 to 
about 3 carbon atoms, although the number of carbon atoms can be outside of these ranges, including (but not limited 
to) 2-hydroxyethyl, 2-hydroxypropyl, 3-hydroxypropyl, and the like, with specific examples of suitable catalysts or re- 

90 action promoters including (but not limited to) 2-diethylaminoethanol, 2-dimethylaminoethanol, 2-dimethylarmno-1 -pro- 
panol, and the fike, as well as mixtures thereof. 

[0057] Suitable catalysts or reaction promoters also include ammonia-releasing compounds. Suitable ammonia-re- 
leasing compounds are any ammonium salts that release ammonia when heated, including (but not limited to) ammo- 
nium carbonate, ammonium carbamate, ammonium bicarbonate, ammonium molybdate, urea, ammonium salts of 
55 mono- and dicarboxylic acids, including (but not limited to) formic acid, acetic acid, propionic acid, butyric add, benzoic 
acid, oxalic acid, maionic acid, and the like, as well as mixtures thereof. When an ammonia releasing compound is 
employed as a catalyst or reaction promoter, while not required, in a specific embodiment, the reaction of the alky- 
larylether phthaionitrile adduct with the copper salt takes place with a two stage temperature-warming profile. The first 
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stage entails haadng the react.on mixture to an intermediate temperature, in one embodiment of at least aoout ao*r 
and in one embodiment of no more than about 140*C, although the temperature ^Th^Tlw <!u ' 
for a period of from time in one embodiment of at least about 0 * ^ f thMe 'T^' *"* 

of no more than about 190'C. although the temperature i iTS? JJSTSS Tnd for"* EST"??"? 
one embodiment of at least about t hour, and In another embodiment o liZa^LZ ^T'^V^ pSn ° d °' T* " 

- ^=oTr h ™r 

K» ^a^^^^ J 3-pentadecy.phanoxy phthalonimle 

and in one embodiment is no more *an 2ut 01 ana if anotheVembodS J emb0dimaM * * ,easl 3:1 • 
the molar ratio can be outside of these ranged When ^ ^ ^ ' tnhmt ^ 

» or reaaion promoter to metal compound in one e^bod^enUs IS T r rat,O0,caIal ^ 
least about 0.5:1 , and in one embodiment is no more Tan aLou Tai »„l!,, TT™ emboaiment te at 

about 2:1 , although .he molar ratio can be outside oUnese ranges ' ernb0d,menl is ~ ™* 

[00S9] In one embodiment of the present Invention, two or more catalysis or reaction nmmm^ * 
as one or mora from the class of alkanolamines and one or more from the "a^aZTta ? 8UCh 
two or more from theclass of alkanolamines, two ormore from^ «Tof » , T 3 " 9 00m P° unds . 

[0060] Metat-free phthalocyanine can be prep^4 T^reZent of an IS^TT 9 ° Omp0Unds - " thelite 
diaodium, dipotaseium, beryllium, magnesium .or te di,rthium ' 

with a di,ute aqueous or alcoholic acid. Examples of suitable acids include [buTare SSSiiZTZ f° m PrOCeSS ' 
phoaphoric acid, sulfuric acid, nitric acid, sulfonic acids such TaVSLteuton J ;L^,f? ^ *?, ** drocM °"° aeid . 
laryleulfonic, wherein the alkyl portione thereof c^iX^^^'^TT' aryla,ky,su,f0nic - a " d ^ 

solution in any desired or effective concentration, in one ZSZZ ^^^^^21?' ^ ° r 
in another embodiment of at least about 2 percent by we^nacM and TJH^S^ P . T * We ' 9ht a °' a 8,151 
percent by weight acid, and in anther embodiment of ^m^ 

concentration can be outside of these ranges. Examples of suitable alcohols include 2£!SS£S££?* ♦? 1 
ethane., propane,, isopropanol. ethylene glycol, and the like, as weli ^ t6) 
[O061J Alternatively, the metal-fre© phthalocyanine oVe can be Dr*=>n»mrt hw h M t. nn ' „ ~ 

connected to the nitrogen atom through a primary, secondary, or tertian carbon atom in n™ ?1Z ^ 6 

1 to about ft carbon atoms, and in another embedment have^om lTo7bout 3 caXnatonT tXZST V™ 
carbon atoms can be outside of these ranges, including (but not llrX fS lethT^h! T' , 9 nUmbef ° f 
like, and wherein the alkanol greups. which can be pnrnaTsecondS JSiS^ 'T^' th& 
the nitrogen atom threugh a primary, secondary, or teSS£> i aton In , h 03 " becortnected to 

about 6 carbon atoms, and in another embodiment ?£ 5E !t!^c2E5S! Tef^' 2 * 
of carbon atoms can be outside of these ranges. ttdud»?S^lh£S?i JSE^ST*; !' ^ nUmber 
droxypropyi. and the ,ike, with specific mmim'JSSi 

ylam.no-1-propanol, and the like, as well as mixtures thereof, in the presence of an «mZ^T«? • 2 " dlmeth - 

™^ 

of these ranges. Suitable ammonia-re.eaeing ^ 

is no more than about 5 molar equivalents ammonla-re.ea^g co^!X^ZZ ^^'^^TI^ T 
^P^yPtthatonftn^ 

compound per every 1 molar equivalent of ^entadeeyOphenoxyphthalonitrll*. 
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b K 0 ?i° f th ^ e ™ SS ' ""If miXtUr ° CRn bG in[tial,y heat8d t0 a first temperature, in one embodiment of at least 
about 60-4 and in another embodiment of at least about 65*C, and in one embodiment of no more ihaT^i i m? 
and ,n another embodiment of no more than about 12W, although the temperature can be ouiide Jta w 
tor a penoa of time in one embod.ment of at least about 1 0 minutes, and In another embodiment o at SSSR 
minutes and In one embod.ment of no more than about 120 minutes, and in another embod^f Trw> thS 
about 60 minutes although the time can be outside of these ranges, to promote slow t^^mSS^ 
T t0 8 r 0ndternperatUre WWch is thanihe first temperature, In one embodiZToiatfeait 
tTr « < an0th K ef ? mbodlment * « leasl ■boui 135°C, and in one embodiment 

arc. and in enojer embodiment of no more than about 170-C. although the temperature can be outside of £S 
?S5 Th H m T f mbodimenl of * "« 1 hour, and in another embodiment of at tea* aZt 

2 hours, and in one embodiment of no more than about 24 hours, and in another embodiment of no more than about 
1 0 hours, although the time can be outside of these ranges. Thereafter, the reaction mixture Z«^oES 
iment to a temperature of at least about 25*C, and in another embodiment to a temperature of at least about 50 D C 
and in one embodiment to a temperature of no more than about 125"C, and in another embodiment to a temperature 
or no mere than about 100°C, arthough the temperature can be outside of these ranges, and the product is separated 
by filtration or by decantat.on and washed with a solvent, such as water, acetone, methyl ethyl ketone, methyl isobutyl 
ketone, methanol, ethanol, propanol, butanol, acetone, dimethyl formamlde, dimethyl sulfoxide, N-memyi pyrrolidine 
sulfolane, and the like, as well as mixtures thereof. If desired, the precipitated blue solids can then again be filtered' 
slurried with a solvent, such as acetone, methyl ethyl ketone, methyl isobutyl ketone, methanol, ethanol propanol' 
butanol, acetone, dimethyl formamide, dimethyl sulfoxide, N-methyl pyrrolidine, sulfolane, and the like "as well as 
mixtures thereof, in relative amounts in one embodiment of at least about 3 pans by weight solvent per every 1 part 
by weight product, and in one embodiment of no more than about 100 parts by weight solvent per every 1 part by 
weight product, although the relative amounts can be outside of these ranges, for a period of time in one embodiment 
of at least about 0,5 hour, and in one embodiment of no more than about 24 hours, although the time can be outside 
of these ranges, and at a temperature In one embodiment of at least about 25*C, and in another embodiment of at 
least about 50*C, and In one Qmbodiment of no more than about 200°C, and in another embodiment of no more than 
about 1 0O°C, although the temperature can bo outside of these ranges. The product Is then filtered again and dried 
[0062] If desired, the alkylarylether ohthalonitrile adduct need not bo isolated by addition of precipitant subsequent 
to its synthesis and pnor to Its reaction with the metal compound. In this embodiment, the reaction mixture in which 
the alkylarylether phthalonitrile adduct was formed can, if desired, optionally be filtered to remove any inorganic saJts 
followed by addition to the reaction mixture of the metal compound and, optionally, any desired reaction promoter' 
Thereafter, the reaction mixture is heated, to a temperature in one embodiment of at least about 1 20 °C 1 and in another 
embodiment of at feast about 14o°C. and in one embodiment of no more than about 250*C, and in another embodiment 
of no more than about 190°C, although the temperature can be outside of these ranges, for a period of time in one 
embodiment of at least about 1 hour, and in another embodiment of at least about 2 hours, and in one embodiment 
for a period of time of no more than about 24 hours, and in another embodiment of no more than about 8 hours although 
the time can be outside of these ranges. The phthalocyanlne product thus formed can then be Isolated as described 
hereinabove with respect to the two-step process, 

[0063] Phase change inks of the present invention contain a phase change carrier system or composition The phase 
change earner composition is typically designed for use in either a direct printing mode or en indirect or offset orintina 
transfer system. " 

[0064] The inks of the present invention in one embodiment have spectral strengths in one embodiment of at least 
about 1 X1 03 mf A/g, in another embodiment of at least about 2x 103 mL Wg, and in yet another embodiment of at 
least about 3X10 3 mLWg, and have spectral strengths in one embodiment of no more than about 2 6x10* mU'A/g 
In another embodiment of no more than about 1 ,7x1 0+ mLWg, and In yet another embodiment of no more than about 
7.8X1 03 ml/A/g. although the spectral strength of the Inks can be outside of these ranges. 

[0065] In the direct printing mode, the phase change carrier composition in one embodiment contains one or more 
materials that enable the phase change ink (1) to be applied in a thin film of uniform thickness on the final recording 
substrate (such as paper, transparency material, and the like) when cooled to ambient temperature after printing directly 
to the recording substrate, (2) to be ductile while retaining sufficient flexibility so that the applied image on the substrate 
will not fracture upon bending, and (3) to possess a high degree of lightness, enroma, transparency, and thermal stability 
[O0S6] In an offset pnntlng transfer or Indirect printing mode, the phase change carrier composition in one embodi- 
ment exhibits not only the characteristics desirable for direct printing mode inks, but also certain fluidic end mechanical 
properties desirable for use in such a system, as described in. for example, U.S. Patent 5,389,958 the disclosure of 
55 which is totally incorporated herein by reference. 

[0067] Any desired or effective carrier composition can be used. Example© of suitable ink carrier materials include 
fatty amides, such as monoamldes. tetraamldes, mixtures ihereof, and tho like. Specific examples of suitable fatty 
amide ink carrier materials include stearyl stearamide. a dlmer acid based tetra-amide that is the reaction product of 
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having no more than about 150 carbon atoms and in V e Another JS^L^P ' an ° ther 

atoms, although the number of carbon ZrbSSr^"^* wlta,l, « ,0C6 ««' 

5,194,638, U.S. Patent 4,630,671 f U.S Patent 6 1 74 937 us Paw^to 1 1"!' „ awnt4,8B9 » 761 ' u - 8 - ^ 

[0069] Mixtures of fatty amide materials and isoeyanate-derived materials can also t» •™i«v.„h 

composition for inks of the present invention. magnate can also be employed as the ink carrier 

[0070] Additional suitable pnase change ink carrier materials forthe present invention include n ara m n * 

mm waxes, polyethylene waxes, ester waxes, amide waxes, fatty addT^ SST St^ J^' Tk ^ 

material sulfonamide materials, resinous materials made from dWerenfnaX K2 

etate copolymers, ethylene/acrylic acid copolymers, ethyleneA,inyl acetate/acrylic acid copolvmera rSSSZ.^ 
acrylic acid with polyamides, and the like, ionomers, and the like as well «ZufTST^ «Wyrn«« of 

SF£f? it? in a mixture w ith afatty •Zf^^ these 

SSL'" SpeCiTiG embodinnem - the P" ase ^nge ink earner comprises the ink carrier comprises (a) a oolvem 
yiene wax. present ,n me ink In an amount In one embodiment of at ieLt about 25 percent SJ^EmS ^ |2T?„ 

37 percent by weight of ihe ink. and in one embodiment of no more than about 60 percent bvweiah, of Z T^. 
anotherembodimentof no more than about 53 percent by weiqht of the ink andi^S by " e !? ht of ' ne ink - ,n 
^ou^P-embywe^ 

wax, present in the ink in an amount in one embodiment of at least about 8 percent bv wetaht e?£! J 6tearam ' de 
embodiment of at least about 10 percent by weight of the ink. and in ye ISETSSSE of at lett aSt ,2 
percent by weight of the ink, and in one embodiment of no more than about 32 percent bv wSohl of if. in^nl 

about 25 percent by weight of the ink, a,though the amount can be outside of these ranges- (c) a dlrT^ 
tetra-am.de that is the reaction praduetof dimeracid. ethytene diamine, and a carboxylte teWdenviveTf a^l^S 
alcohol having greaterthan thirty six carbon atoms, present in the inkin'an amount 

10 percent by weight of the ink. in another embodiment of at least about 13 percent by wafaht of urS anS fn v« 
another embodiment of at least about 1 6 percent by weight of the ink. and in one ^rS Jno^Tn £E 
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32 percent by weight of the ink; in another embodiment of no more than about 27 percent by weight of the ink, and in 
yet another embodiment of no more than about 22 percent by weight of the ink, although the amount can be outside 
of these ranges; (d) a urethane resin derived from the reaction of two equivalents of hydroabietyl alcohol and one 
equivalent of isophorone diisocyanate. present in the Ink In an amount in one embodiment of at least about 6 percent 
5 by weight of the ink. in another embodiment of at least about 8 percent by weight of the ink, and in yet another em- 
bodiment of at least about 1 0 percent by weight of me ink, and in one embodiment of no more than about 1 6 percent 
by weight of the ink, in another embodiment of no more than about 14 percent by weight of the ink, and in yet another 
embodiment of no more than about 12 percent by weight of the ink, although the amount can be outside of these 
ranges; (e) a urethane resin that is the adduct of three equivalents of stearyl Isocyanate and a glycerol-based alcohol 

10 present in the ink in an amount in one embodiment of at least about 2 percent by weight of the ink, in another embodiment 
of at least about 3 percent by weight of the ink, and in yet another embodiment of at least about 4.5 percent by weight 
of the ink, and in one embodiment of no more than about 13 percent by weight of the ink, in another embodiment of 
no more than about 1 0 percent by weight of the Ink, and in yet another embodiment of no more than about 7.5 percent 
by weight of the ink, although the amount can be outside of these ranges; and (f) an antioxidant, present in the ink in 

1^ an amount In one embodiment of at least about 0.O1 percent by weight of me ink, in another embodiment of at least 
about 0.05 percent by weight of the ink, and in yet another embodiment of at least about 0.1 percent by weight of me 
infc, ana In one embodiment of no more than about 1 percent by weight of the ink, in another emoodiment of no more 
man about 0.5 percent by weight of the Ink. and in yet another embodiment of no more than about 0.3 percent by 
weight of the ink, although the amount can be outside of these ranges. 

so [0073] The ink carrier is present In the pnase change ink of the present invention in any desired or effective amount, 
in one embodiment of at least about 0.1 percent by weight of the ink, in another embodiment of at least about 50 
percent by weight of the ink, and in yet another embodiment of at least about 90 percent by weight of the ink. and in 
one embodiment of no more than about 99 percent by weight of the ink, in another embodiment of no more man about 
08 percent by weight of the ink, and in yet another embodiment of no more than about 95 percent by weight of the ink, 

& although the amount can be outside of these ranges. " 4 

[0074] The phase change inks of the present invention contain a colorant compound of the formula 
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wherein M Is an atom or group of atoms capable of bonding to me central cavity of a phthalocyanjne molecule, wherein 
axial ligands optionally can be attached to M. This colorant Is present in the ink in any desired or effective amount to 
obtain the desired color or hue, In one embodiment of at least about 1 percent by weight of the ink, in another embod- 
iment of at least about 2 percent by weight of the ink, and in yet another embodiment of at least about 3 percent by 
weight of the ink, and In one embodiment cf no more than about 20 percent by weight of the ink r In another embodiment 
of no more than about 13 percent by weight of me ink, and in yet another embodiment of no more man about 6 percent 
by weight of me ink, although the amount can be outside of these ranges. The colorant according to me present 
invention can either be the sole colorant in the ink or can be present in combination with other colorants, such as dyes, 
pigments, mixtures thereof, and me like. 

[0075] The inks of me present invention can also optionally contain an antioxidant. The optional antioxidants of the 
ink compositions protect the images from oxidation and also protect the Ink components from oxidation during the 
heating portion of the ink preparation process. Specif ic examples of suitable antioxidants include NAUGUARD® 524, 
NAUGUARO® 76, and NAUGUARD& 512, commercially available trom Uniroyal Chemical Company, Oxford, CX 
IRGANOXO 1010, commercially available from Ciba Geigy, and me like. When present, the optional antioxidant is 
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present in the ink in any desired or effective amount, fn one embodiment of at least about 0.01 percent by weight of 
the Ink, in another embodiment of at least about 0.1 percent by weight of the ink, and in yet another embodiment of at 
least about 1 percent by weight of the ink, and in one embodiment of no more than about 20 percent by weight of the 
ink, In another embodiment of no more than about 5 percent by weight of tne ink r and In yet another embodiment of 

5 no more than about 3 percent by weight of the ink, although the amount can be outside of these ranges. 

[0076] The inks of the present invention can also optionally contain a viscosity modifier. Examples of suitable viscosity 
modifiers include aliphatic keiones, such as stearone, and the like. When present, the optional viscosity modifier is 
present in the ink In any desired or effective amount, in one embodiment of at least about 0.1 percent by weight of the 
ink, In another embodiment of at least about 1 percent by weight of the ink, and in yet another embodiment of at least 

10 about 10 percent by weight of the ink, and in one embodiment of no more than about 99 percent by weight of the ink, 
in another embodiment of no more than about 30 percent by weight of the ink, and In yet another embodiment of no 
more than about 15 percent by weight of the ink, although the amount can be outside of these ranges. 
[0077] Other optional aoditives to the inks include clanfiers, such as UNION CAMP® X37-523-235 (commercially 
available from Union Camp), in an amount in one emboaiment of at least about 0.01 percent by weight of the ink, in 

is another embodiment of at least about o. 1 percent by weight of the ink, and in yet another embodiment of at least about 
5 percent by weight of the ink, and in one emDodimeni ot no more than about 98 percent by weight or tne ink, in another 
embodiment of no more than about 50 percent by weight of the Ink, and In yet another embodiment of no more than 
about 1 0 percent by weight of th© ink, although the amount can be outside of these ranges, tacklf lers, such as FORAUS> 
85, a glycerol esier of hydrogenated abietlc (rosin) acid (commercially available from Hercules), FORAUB) 105, a pen- 
so taerythritol ester of hydroabietic (rosin) acid (commercially available from Hercules), CELLO LYN® 21 , a hydmabietic 
(rosin) alcohol eater of phthahc acid (commercially available from Hercules), ARAKAWA KE-311 Resin, a triglyceride 
of hydrogenated ablatio (rosin) acid (commercially available from Arakawa Chemical Industries, Ltd., synthetic poly- 
terpene resins such as NEVTAOB>2300, NEVTAC® 100, and NEVTAC® 80 (commercially available from Neville Chem- 
ical Company), WINGTACK<$ &6, a modified synthetic pojyterpcnc resin (commercially available from Goodyear), and 

2S the like, in an amount in one embodiment of at least about 0.1 percent by weight of tho ink, in another embodiment of 
at least about 5 percent by woight of the ink, and in yet another embodiment of at least about 1 0 percent by weight of 
the ink, and in one embodiment of no more than about 98 percent by weight of the ink, in another embodiment of no 
more than about 76 percent by weight of the ink, and in yet another embodiment of no more than about 50 percent by 
weight of the ink, although the amount can be outside of these range, adhesives, such as VERSAMID® 757, 759, or 

30 744 (commercially available from Henkel), in an amount in one embodiment of at least about 0.1 percent by weight of 
the ink, in another embodiment of at least about 1 percent by weight of the ink, and in yet another embodiment of at 
least about 5 percent by weight of the Ink, and in on© embodiment of no more than about 98 percent by weight of the 
ink, in another embodiment ol no more than about 50 percent by weight of the ink, and In yet another embodiment of 
no more than about 1 0 percent by weight of the ink, although the amount can be outside of these ranges, plasticizers, 

35 such as UNIPLEX&250 (commercially available from Uniplex), the phthalate ester p last lexers commercially avajlable 
from Monsanto underthe trade name S ANTIC I ZERO, such as dioctyl phthalate, diundecyl phthalate, alkytbenzyl phtha- 
late (SANTICIZER® 278), triphenyi phosphate (commercially available from Monsanto), KP-140®, a tributoxyethyl 
phosphate (commercially available from FMC Corporation), MO R FLEX® 150, a dleyclohexyl phthalate (commercially 
available from Morflex Chemical Company Jnc ), trloctyl trimellitate (commercially available from Eastman Kodak Co.), 

40 and The like, in an amount in one embodiment of at least about 0.1 percent by weight of the ink, in another embodiment 
of at least about 1 percent by weight of the ink, and In yet another embodiment of at least about 2 percent by weight 
of the Ink, and in one embodiment of no more than about 50 percent by weight of the ink. in another embodiment of 
no more than about 30 percent by weight of the ink, and in yet another embodiment of no more than about 1 0 percent 
by weight of the ink, although the amount can be outside of these ranges, and the like. 

43 [0078] The ink compositions of the present Invention in one embodiment have melting points of no lower than about 
50*C, in another embodiment of no lower than about 70°C, and in yet another embodiment of no lower man about 
B0°C, and have melting points in one embodiment of no higher than about 160*C, in anoiher embodiment or no higher 
than about 140°C, and in yet another embodiment of no higner than about 100°C, although the melting point can be 
outside of these ranges. 

so [0079] The ink Compositions of the present invention generally have melt viscosities at the jetting temperature (in 
, one embodiment no lower than about 75°C, in another embodiment no lower than about 100°C, and in yet another 
embodiment no lower than about 120°C, and in one embodiment no higher than about ieo°C, and in another embod- 
iment no higher than about 1 50°C , although the jetting tomporaturo can be outside of thee© ranges) in one embodiment 
of no more than about 30 centipoise, in another embodiment of no more than about 20 centipoiso, and in yet another 

55 embodiment of no more than about 1 5 centipoise, and in one embodiment of no loss than about 2 centipoise. in another 
embodiment of no less than about 5 centipoise, and in yet another embodiment of no less than about 7 centipoise, 
although the melt viscosity can be outside of these ranges. 

[OD80] In a preferred embodiment, the ink has a melt viscosity at a temperature of about 140°C of no more than 
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about 20 eentipoise, fn a more preferred embodiment of no more than about 15 eentipoise. 
[0081 ] In a preferred embodiment, the ink has a melt viscosity at a temperature of about 1 40°C of no less than about 
1 eentipoise, in a more preferred embodiment of no less than about 5 eentipoise, even more preferred no less than 
about 7 eentipoise. 

s [0082] The ink compositions of the present invention can be prepared by any desired or suitable method. For exam- 
ple, the Ink ingredients can be mixed together, followed by heating, to a temperature in one embodiment of at least 
about 1 0Q*C, and in one embodiment of no more than about 140°C, although the temperature can be outside of these 
ranges, and stirring until a homogeneous ink composition is obtained, followed by cooling the ink to ambient temperature 
(typically from about 20 to about 25°C). Tne inks of the present Invention are solid at ambient temperature. 

10 [0083] The inks of the present invention can be employed in apparatus for direct printing Ink jet processes and in 
indirect (offset) printing mk jet applications. Another embodiment of the present invention is directed to a process which 
comprises incorporating an ink of the present invention into an ink jet printing apparatus, melting the ink, and causing 
droplets of the melted ink to be ejected in an imagewise pattern onto a recording substrate, A direct printing process 
is also disclosed in, for example, U.S. Patent 5,195,430, the disclosure of which is totally Incorporated herein by ref- 

15 erence. Yet another embodiment of the present invention is directed to a process which comprises Incorporating an 
ink of the present invention into an ink jet printing apparatus, melting the ink, causing droplets of the melted ink to bs 
ejected in an imagewise pattern onto an intermediate transfer member, a nd transferring tne ink In the Imagewise pattern 
from the intermediate transfer member to a final recording substrate. An offset or Indirect printing process Is also 
disclosed in, for example, U.S. Patent 5,389,958, the disclosure or which is totally incorporated herein by reference. 

so in one specific embodiment, the printing apparatus employs a piezoelectric printing process wherein droplets of the 
Ink are caused to be ejected in imagewise pattern by oscillations of piezoelectric vibrating elements. Inks of the present 
invention can also be employed in other hot melt printing processes, such as hot melt acoustic ink jet printing, hot melt 
thermal ink jet printing, not melt continuous stream or deflection ink jet printing, and the like. Phase change inks of the 
present invention can also be used in printing processes other than hot melt ink jet printing processes. 

25 [0084] Any suitable substrate or recording sheet can be employed, including plain papers such as Xerox® 4024 
papers, Xerox© Image Series papers, Counland 4024 DP paper, ruled notebook paper, bond paper, silica coated 
papers such as Sharp Company silica coated paper, JuJo paper, Hammermill Laserprint Paper, and the like, transpar- 
ency materials, fabrics, textile products, plastics, polymeric films, inorganic substrates such as metals and wood, and 
the like. 

30 [0085] Specific embodiments of the invention will now be described in detail. These examples are intended to be 
illustrative, and the invention is not limited to the materials, conditions, or process parameters set forth in these em- 
bodiments. All parts and percentages are by weight unless otherwise indicated. The purity of the synthesized dye 
products was determined using standard analytical procedures such as Nuclear Magnetic Resonance Spectroscopy 
(NMR) and High Performance Liquid Chromatography (HPLC). in addition, the purity of samples of the final phthalo- 

35 cyanine dyes was determined using a spectral strength (SS) measurement determined as follows: A mass of 50 mil- 
ligrams ±2 milJigrams of dye was weighed accurately to 0.1 milligram and transferred quantitatively to a 250 milliliter 
volumetric flask. Approximately 175 milliliters of spectroscopic grade toluene was then added to the flask to dissolve 
the dye thoroughly. The solution was diluted to the mark with toluene and mixed. Subsequently, 5.00 milliliters of dye 
solution was pipeited into a second 250 milliliter volumetric flask, which was diluted to the mark with toluene and mixed 

40 well. The UV/Visible absorption spectrum of the diluted dye solution was measured in the following way. An HP84S2A 
UV/Vis spectrometer or equivalent was used with standard 1 centimeter pathlength quartz cells. A baseline blank 
consisting of toluene was run. The absorbance of the dilute dye solution was determined at lambda max, which is the 
maximum absorption wavelength, typically 880 nanometers. The spectral strength was calculated by dividing the ab- 
sorbance of the dilute dye solution at 860 nanometers by tne concentration of the dilute dye solution in grams per 
milliliter. For the copper dyes, spectral strength values ranging from 1.1 x 10 s to 1 ,3 x 10 5 A'ml/g were judged to be 
acceptable for phase change ink formulations. The highest value attained, 1 .3 x 1 05 A*ml/g, Is believed to be Indicative 
of about 1 00 percent pure dye. 

EXAMPLE I 

so 

Preparation of 4-(3-pentadecvlphenoxy)phthaionitrlle 

[0086] To a 500 milliliter 1 -necked round bonomed flask equipped with magnetic stirrer was added 45.3 grams <0.15 
mole) of CARDOLITBB NC510 (predominantly a meta C 15 alkyl phenol of the formula 

55 



PAGE 42/61 ' RCVD AT 5/4/2005 10:28:31 AM [Eastern Daylight Time] 1 SVR:USPT0-EFXRF-1/3 ' DNiS:8729306 ' CSID:+5854235240 ft DURATION (mn>ss):S8-00 



2005-May-04 10:04 



Frora-XEROX 



+5854235240 



T-982 P. 043/061 F- 



EP 1 335 006 A1 



n-C l5 H 3 




5 



OH 



obtained from cashew nut distillation and containing small amounts of naturally occurring Isomers thereof, obtained 
10 from Cardollte Corporation, Newark, NJ), 9.3 grams (0.68 mole) of potassium carbonate (obtained from Aidrieh Chem- 
ical Co.. Milwaukee, Wl), and 260 grams of 1 -methyl-2-pyrrofidfnone (NMP, anhydrous, obtained from Aidrieh Chemical 
Co.). The mixture was heated in a 90*C oil bain for one hour. The reaction mixture turned dark brown. Thereafter, 25 
grams (0.14 mole) of 4-nitrophthalonitrile (obtained from Aidrieh Chemical Co., Milwaukee, Wl) was added to the re- 
action mixture and the mixture was maintained at 90 6 C for an additional 4 hours. The reaction mixture was tnen cooled 
*5 to about 25°C and quenched in 600 milliliters of deionized water. The precipitated solid was separated by filtration, 
reslu rried with about 600 milliliters of deionized water, and again filtered; mis process was repeated until the water 
used to wash the solid product was of neutral pH. The solids were then dried In air and combined with about 350 grams 
of isopropanot at 25°C. The resultant suspension was recrystaiiized by cooling in an ice bath. The crystals were filtered 
and air dried to give 54.4 grams 87.6 percent yield) ol 4-(3-pentadecyl)phenoxyphthalonitrile. The purity of this material 
20 as measured by H PLC was about 97 percent. 

EXAMPiEII 

Preparation of 4-(3-pentadecyjphenoxv)phthaionitrite in DMF Solvent 



[0087] To a 500 milliliter 1 -necked round bottomed flask equipped with mechanical stirrer was added 50.25 grams 
(0.165 mole) of 3-pentadecylphenol, 20,0 grams (0.145 mole) of anhydrous potassium carbonate, 25.0 grams (0.145 
mole) of 4-nrtrophthalonitrtle, and 250 grams of dimethyiform amide (OMR obtained from Caledon Labs, Georgetown 
Ontario, Canada). The mixture was heated to 90°C for 2 hours using a heating mantle. The reaction mixture turned 
30 dark brown. The reaction mixture was cooled to about 60*C, then was quenched by pouring slowly into 1 liter of deion- 
ized water. The precipitated beige solid was separated by filtration, then was resiurried and filtered using about 600 
milliliter portions of deionized water, until the water used to wash the solid product was of neutral pH. The product was 
then twice resiurried in 600 milliliters of methanol, filtered, and vacuum dried at40 Q C to give 42.6 grams (68 percent 
yield) of 4-(3-pentadecyl)phenoxyphthalonitrile. The purity of this material as measured by HPLC was about 98 percent. 



EXAMPLE 111 

Preparation of 4>(3>pentadecvlphenoxy)phthalonitr11e in NMP 

40 [0088] To a 5 liter 1 -necked round bottomed flask equipped with mechanical stirrer was added 502.5 grams (1 .65 
mole) of 3-pentadecylphenol, 200 grams (1.45 mole) of potassium carbonate, and 2,000 grams of 1 -methyl-2-pyrro- 
lidinone (anhydrous; obtained from Aidrieh Chemical Co.). The mixture was heated to 90° C for 2 hours using a heating 
mantle. The reaction mixture turned dark brown. Thereafter, 250.0 grams (i .45 mole) of 4-nitrophthaionitrile (obtained 
from Sigma- Aidrieh) was added and the mixture was maintained at 90°C for an additional 2 hours. The hot reaction 

43 mixture was then quenched by slowly pouring it into 3 liters of deionized water. The precipitated beige suspension was 
stirred until it had cooled to room temperature, then was filtered. The solid was then resiurried and filtered, using about 
6 liter portions of deionized water, until the water used to wash the solid product was of neutral pH, The solid was then 
twice resiurried fn 4 liters of methanol, filtered, and vacuum dried at 40 B C to give 519.8 grams (84 percent yield) of 
4-(3-pentadecyl)phenoxyphthalonitrlle. The puriTy of this material as measured by HPLC was more than 89 percent. 



EXAMPLE IV 

Preparation of 4-(3-pentadecylphenoxy)prithalonitrile in DMSO solvent 

55 [0089] To a 5 liter 1 -necked round bottomed flask equipped with mechanical stirrer was added 502.5 grams (1 .65 
mole) of 3-pentadecylphenol, 200 grams /1 .45 mole) of anhydrous potassium carbonate, 250.0 grams (1 .45 mole) of 
4-nitrophthalonitrile, and 2.000 grams of dlmethylsurf oxide (DMSO, obtained from Caledon Labs, Georgetown Ontario, 
Canada). The mixture was heated to 90°C for 3 hours using a heating mantle. The reaction mixiure turned dark brown. 



25 
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The reaction mixture was then cooled to 80 P C, and was quenched by slowly pouring 3 liters of deionized water into 
the flasK. The precipitated beige solid was stirred until the suspension had cooled to room temperature, then was 
separated by filtration. It was then twice slurried and filtered using about 6 liter portions of deionized water. The wet 
cake was then stirred for 1 hour in 6 liters of 2 percent aqueous hydrochloric acid, which served to dissolve small 
£ amounts of insoluble metal carbonate contaminants, then was filtered. It was slurried, "filtered, and reslurried in 6 liter 
portions of deionized water until the water used to wash the solid product was of heutrai pH. The solids were then twice 
slurried in 4 liters of methanol, filtered, and vacuum dried at 40°C to give 558,4 grams (90 percent yield) of 4-<3-pen- 
tadecyOpbenoxyphthalonitrile. The purity of this material as measured by HPLC was over 98 percent. 

10 EXAMPLE V 

Copper Dye Preparation in Hexanol 

[0090] A mixture of 52 grams (0.12 mole) of dried solid crystals of 4-{3-pentadecyl)phenoxyphthaionitrile {prepared 
i$ as described In Example I), 4.1 grams (0.030 mole) of anhydrous copper (II) chloride (obtained from Aldrich Chemical 
Co.), and 600 grams of hexanol (anhydrous) (obtained from Aldrich Chemical Co.) In a 1 liter kettle equipped with 
mechanical stirrer, temperature controller, and condenser was stirred and heated. The color of the reaction mixture 
eventually turned to Blue upon heating to reflux (about 160°C). Tne reaction mixture was refluxed and stirred for 3 
hours. Thereafter the reaction mixture was quenched in 1 ,200 milliliters of methanol. The precipitated blue solid thus 
so obtained was filtered and then slurried with 150 milliliters of acetone. The solids were again filtered and dried. Yield of 
the product, which is believed to be mixed isomers of the formula 



2S 



30 



35 



40 



4$ 



SO 




was 24.1 grams (about 45 percent). UV/Vis (toluene): 683 nanometers. 

55 
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EXAMPLE VI 

Copper Dye Preparation in NMP (no catalyst) 

[0091] A solution of 4-(3-pentadecyl)ph9noxyphthalonitrilc (4.74 grams, 0.11 mole; prepared as in Example III) in 25 
milliliters of NMP containing 0.50 grams (0.0025 mole) of copper(ll) acetate mono hydrate was stirred and heaied to 
150°C After 15 minutes a deep, dark green color developed. The mixture was stirred for 3 hours at 150°C, and Than 
cooled to room temperature and filtered. The resultant product was washed with 40 milliliters of acetone and then dried 
in air for 24 hours to give 2.49 grams (56 percent) of the copper phihalocyantne dye as dark blue, waxy, globular lumps. 



EXAMPLE VH 

Copper Dve Preparation in NMP with Ammonium Acetate 

is rami a mixture of 4-(3-pentadecyl)pnenoxyphthaJonitrile (25.8 grams, 0.060 mole), copper(ll) acetate dihydrate 
3 0 grams 0 015 mole) and ammonium acetate (9.2 grams, 0.12 mole) in 1QO milliliters of NMP was stirred and 
heated to 120*C Slow gas evolution was ooservea, and after 5 minutes., a deep, dark blue color developed. After 30 
minutes at 120'C the reaction mixture was heated to 180 a C for 1 hour. NMP (50 milliliters) was then added and the 
mixture was slirred and reheated lo 180°C, followed oy cooling with stirring to room temperature. The product was 

so then filtered and the solid was washed in the finer funnel with 2 x 100 milliliter portion of DMF. It was then stirred in 
200 milliliters of acetone at 50°C and subsequently filtered. This acetone treatment was repeated, and the solid was 
dried at 60"C overnight to give the product as a coarse powder (1 9.9 grams, 74 percent). The spectral strength of th.s 
material was 1 .27x105 A*ml/g, which is indicative of high (i.e. about 9a percent) punty. 

25 EXAMPLE V lj| 

Copper Dve Preparation in NMP with Dimeth vlaminoethanol 

[0093] A solution of 60 8 grams (0.14 mole) of 4-(3-pentadecyl)phenoxyphthalonitrile In 1 95 milliliters of NMP in a 
so 500 milliliter laskfitted with a mechanical stirrer, maintained under a nitrogen atmosphere, was treated w.th 6.24 grams 
(0 031 mole) of copper(H) acetate monohydrate, and 6.24 grams (0.070 mole) of 2-dimethyiaminoethanoi (DMAE). 
The mixture was stirred and heated at 1 80«C for 6 hours, then was cooled to 80°C. The mixture was then filtered, and 
the solid was washed in the filter with 120 milliliters of NMP. The solid was then slurry-washed and filtered three times 
with 120 milliliter portions of methyl ethyl ketone. Drying for 48 hours at 30°C under vacuum gave the product as a 
35 coLo dark blue powder (44 grams, 80 percent). The spectral strength of this dye was 1 .28X10* A'mUg. -nd.catmg 
a purity of over 98 percent. 

EXAMPLE IX 
AO Copper Dye Preparation In NMP 

100941 A solution of 3-pentadecylphenol (16.75 grams, 0.0S5 mote) in 90 milliliters of NMP containing anhydrous 
potassium carbonate (7.6 grams. 0.055 molo) was stirred and heated to 100°C. After 10 minutes, 4-nitrophthalonltrne 
18 65 qrams 0 050 mole) was added and the mixture was heated at 1 00"C for a further 40 minutes. CoppertJI) acetate 

« monohvdrate (2 50 grams 0.050 mole) and ammonium acetate (3.9 grams, 0.050 mole) were then added and the 
mixture .was heated to 135«C torao minutes, followed by heating to 170°C. DMAE (10 milliliters) was then added and 
the mixture was slirred at 170'C for 2.25 hours. The mixture was then cooled to room temperature and the product 
was washed in the filter funnel with 50 milliliters of DMF, followed by washing with 50 milliliters of methanol. The product 
was then slurried in 1 00 milliliters of methanol, followed by filtration and drying at 60«C to g.ve 9.2 grams (41 percent) 

so of the dye as a fine, bluish blacK solid. 

EXAMPLE X 

Copper Dye Preparation in NMP 

r0O951 A mixture of 3-pentadecylphenol (1 82.7 grams. 0.72 mole) and anhydrous potassium carbonate (91 grams. 
0 66 mole) In 650 milliliters of NMP in a 2.000 milliliter Erlenmeyertlask was stirred and heated to 90*C 4-Nitrophthalo- 
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was cooled to 50°C and was filtered. The solid was washed with 4 x 50 milliliter portions of NMP. (The solid was then 
further washed in the funnel with 4 x 50 milliliter portions of acetone and was dried at 60°C to give 91 grams of white 
hydroscopic solid, which is believed to be a mixture of potassium bicarbonate and potassium nitrite, although this 
conclusion was not confirmed.) The combined tiltrate and NMP wash solvent was stirred in a 2,000 milliliter ErtenmByer 

$ flask and was treated with copper(ll) acetate monohydrate (30.0 grams, 0.1 5 mole), ammonium acetate (24 grams, 
0.30 mole), and DMAE (60 milliliters, 0.60 mole). The mixture was heated to 120*C for 15 minutes, and subsequently 
heated at 180°C for 3 hours. (A dark blue color developed when the reaction temperature reached about 165°C.) The 
reaction mixture was cooled to 70°C, and then was filtered. The solid was washed on the filter funnel with 2 x 200 
milliliter portions of NMP, followed by washing with 200 milliliters of acetone. The solid was stirred in 700 milliliters of 

io acetone at 50°C for 1 hour, then was filtered and dried ai 60°C to give 178.5 grams (67 percent) of dye as fine darK 
blue powder. The spectral strength of the product was 1.11 X10* A*mUg, indicative of about 86 percent purity. 

EXAMPLE XI 
is Zinc Dye Preparation 

[0096] A mixture of 4-(3'pentadecyi)pllenoxyphihalonitrile ; (9.S0 grams, 0.022 mole), 2lnc acetate dihydrate (1.10 
gram, 0.0050 mole, obtained from Aldrich Chemical Co.), and DMAE (5 milliliters) in NMP (45 milliliters) was stirred 
and heated to 1 75*C. The resultant deep dark blue-green solution was heated al 1 75°C for 3 hours, then was cooled 
20 to room temperature. Addition of methanol to the solution caused precipitation of a sticky solid, which was separated 
by decantation. The solid was washed in the flask with 2 x 25 milliliter portions of acetone, then was dried to give 5.0 
grams (56 percent) of the zinc dye, of the formula 




i-C>sH3t 



55 

as sticky blue solid. uv/Vls (toluene): 682 nanometers. 
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EXAMPLE XN 

MetaJ-Free Dye Preparation 

5 [0097] To a soUtion of 4-(3^pentadecyl)phenoxyphthalonitrile (34 grams, 0.11 mole) in 50 milliliters of 2.dimethyl- 
aminoethanol was added ammonium acetate (7.7 grams, 0.1 0 mole). The mixture was stirred and heated to 1 20°C for 
15 minutes, followed by heating at reflux (140 6 C) for 6 hours. Thereafter, the dark blue-green solution was diluted with 
100 milliliters of DMF and was cooled to 80°C. The sticky lumps of product were separated by decanting and were 
washed wlih 4 x 25 milliliter portions of DMF. Trituration wiih 20 milliliters of acetone, followed by stirring in 1 00 milliliters 

10 of acetone, separation (by decanting), ana drying at 60°C gave the metal-free dy© as lumps of dark blue, gummy solid 
(B.O grams, 19 percent yield). UV/Vis (toluene): 702, 667 nanometers (this intense doublet is diagnostic of a metal- 
free phthalocyanine). 

EXAMPLE XIH 

15 

Nickel Dye Preparation 

[0096] To a solution of 4-(3-pentadecyi)phenoxyphthalonltrile (34 grams, 0.11 mole) In 200 milliliters of NMP was 
added nickel(ll) acetate leirahydraie ($.22 grams, 0.025 mole) and ammonium acetate (7.7 grams, 0.10 mole). The 
mixture was stirred and heated at 120 a C for 20 minutes, followed by heating at 1 70 6 C for 2 hours. A dark blue color 
formed when the reaction mixture reached 150°C. The mixture was cooled to 100 n C, followed by filtration and washing 
of the solid in the funnel with 3 x 50 milliliter portions of DMF. The product was men slurried in 200 milliliters of acetone 
for 14 hours, followed by separation by decantation. The isolated product was a sticky globular solid (22.0 grams, 49 
percent yield). uv/Vis (toluene): 673 nanomotore. 

25 

EXAMPLE XIV 
Cobalt Dye Preparation 

30 [0099] A mixture of cobaltcus chloride (3.25 grams, 0.025 mole), 4(-3-pentadecy|)phenoxyphthalonitri|e (34 grams, 
0,11 mole) and DMAE (10 milliliters, 0.10 moJe) in 100 milliliters of NMP in a 250 milliliter Erienmeyer flask was stirred 
and heated to 1B0°C. A dark blue-green color was observed at 140°C. The mixture was stirred at 180°C for 2 hours, 
followed by addition of 100 milliliters of DMF. On cooling to room temperature, the product separated as sticky balls! 
which were separated by decanting and washed, first with 3 x 25 milliliter portions of DMF, then with 25 milliliters of 

35 acetone. The product was then stirred in 1 00 milliliters of acetone ai 50°C for 1 hour, followed by separation and drying 
in air to give the product as dark blue balls (15.0 grams, 34 percent yield). UVA/is (toluene): 673 nanometers. 

COMPARATIVE EXAMPLE A 

4 ° Preparation and Testing of 4-dodecytphenoxy Copper Phthalocyanine Dye 

[0100] To a solution of 4-n-dodecylphenol (14.4 grams, 0.055 mole; obtained from Aldrich Chemical Co., Milwaukee, 
Wl) in 90 milliliters of NMP was added 7.6 grams (0.055 mole) of anhydrous potassium carbonate. The mixture was 
stirred and heated to 100°C. After 10 minutes, 4-nitrophthalonitrlie (8.65 grams, 0.0050 mole) was added. After 40 

45 additional minutes at 1 0O p C, copper(ll) acetate rnonohydrate (2.50 grams, 0.00125 mole) and ammonium acetate (3.9 
grams, 0.050 mole) were added and tne mixture was heated to 170°C. After 10 additional minutes, 2-dimeihyiamJ- 
noeihanol (1 0 milliliters) was added, which caused ine insxanl formation of a dark greenish blue color. The mixture was 
heated at 170* for 2.25 hours, then was cooled to room temperature. Tne mixture was filtered and the product was 
washed in tne filter funnel with 2 x 50 milliliter portions of dimethyl formamide. The product was then slurried In 100 

50 milliliters of methanol, followed by filtering and drying at 60°C to give 6.5 grams (32 percent yield) of blue powder, 
which was believsdto be amixture of the 4 possible isomers of the tetrakis(4-n-dodecyl)phenoxyphtha|ocyanine shown 
bolow: 



43 
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[0101] A phase change ink vehicle was prepared as follows. In a stainless steel beaker were combined 140 grams 
' of polyethylene wax (PE 655, obtained from Baker PetrolHe, Tulsa, OK, of the formula CHafCH^soCI-y, 32 grams of 

3S stearyl stearamide wax (KEMAMIDE® S-180, obtained from Crompton Corporation, Greenwich, CT, about 40 grams 
of a tetraamide resin obtained from the reaction of one equivalent of dimer acW with two equivalents of ethylene diamine 
and UNICID® 700 (obtained from Baker Petrolite, Tulsa, OK, a carboxylic acid derivative of a long chain alcohol), 
prepared as described in Example 1 of U.S. Patent 6,174,937, the disclosure of which is totally incorporated herein by 
reference, 30 grams of a urethane resin obtained from the reaction of two equivalents of ABITOU® E hydrcabietyl 

«o alcohol (obtained from Hercules Inc., Wilmington, DE) and one equivalent of isophorone diisocyanata, prepared as 
described in Example 1 of U.S. Patent 5,782,966, the disclosure of which Is totally incorporated herein by reference, 
12 grams of a urethane resin that was the adduct of three equivalents of stearyl isocyanate and a glycerol-based 
alcohol prepared as described In Example 4 of U.S. Patent 6,309,453, the disclosure of which is totally incorporated 
herein by reference, and 0.5 gram of NAUGUARDCP445 antioxidant (obtained from unlroyai Chemical Co., Mlddlebury, 

43 CT). The materials were melted together at a temperature of about 140°C In an oven; then blended by stirring In a 
temperature controlled mantle at about 135*0 for about 0.5 hour. 

[0102] A 0.5 gram sample of the copper dye prepared as described in Example X was stirred in 9.5 grams of the 
above Ink base in a 2.5 inch diameter aluminum weighing pan on a hotplate-stirrer heated to a surface temperature of 
150*C, The mixture was stirred for 30 minutes using a magnetic stirrer, A sample of this molten ink was spread on 
50 hammermlll Laser Print paper using a doctor blade with a 10 micron gap. The resulting swatch was a uniform blue 
color with an optical density of about 1 .2. 

[0103] The above test was repeated using 0.$ grams of the 4-dodecylphenoxy copper phthalocyanine dye from this 
Comparative Example. The resultant ink swatch was not of a uniform color, and revealod poor solubility of the dye as 
evidenced by low color strength (optical density of about 0.64) and dark streaks caused by undissolved dye clumps in 
55 the ink. 
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COMPARATIVE EXAMPLE B 

Preparation and Testing of Tetra-t-Butvl Metal-Free Phihalocvanine Dye 

3 [0104] Sodium metal (0.1 0 gram, 4.3 mmote) was dissolved in 200 milliliters of n-amyl alcohol. To Lhe solution was 
then added 1 .84 grams (10 mrnoie) of 4-t-butylphthalonitrile (obtained from TCI America, Portland, OR). The solution 
was heated at reflux (about 138°C) for 4. £5 hours. The mixture was then cooled to room temperature and was treated 
with methanol (70 milliliters) and water (5 milliliters), which converted the intermediate disodium phthalocyanine to the 
metal-free form. The product was filtered, was washed with 50 milliliters of methanol and 50 milliliters of water, and 

i0 then was dried in air to give 1 .28 grams (66 percent) of mixed Isomers of tetra(t-butyl) metal-free phthalocyanine. UV/ 
Vis (toluene): 700, 662 nm. 

[01051 A test inK was formulated with this dye by the method described in Comparative Example A with a 0.25 gram 
portion of the dye from this Comparative Example (note: the molecular weight of this dye is about half that of the dye 
of Example X). The resultant ink swatch revealed poor solubility of the test dye as evidenced by dark streaks caused 
is by undissolved dye clumps in the ink. 

COMPARATIVE EXAMPLE C 

Preparation and Testing of Tecra-t-Butyl Zinc Phthalocyanine Dye 

so 

[0106] Tetra-t-butyl metal-free phthalocyanine (1.48 grams, 2 mmole) in 30 milliliters of anhydrous methanol was 
treated with a solution of lithium methoxide in methanol (1 .0 molar solution, obtained from Aldrlch Chemical Co.; 5 
milliliters, 5 mmoles). The resultant solution of dilithium phthalocyanine was stirred under an argon atmosphere for 1 
hour, and then was treated with anhydrous zinc chloride (0.30 gram, 2.2 mmoles) in small portions with vigorous stirring. 
25 The resultant suspension was stirred for 1 hour, and then was filtered and the solid washed with 4x10 milliliter portions 
of methanol followed by drying at 60°C to give tetra-t-butyl zinc phthalocyanine as a dark blue powder (1 .38 gram, 86 
percent). Anal. Calcd. for C 4S H 48 N 8 Zn: C 71 .86, H 6.03, N 13.97. Found: C 71 .97. H 7.65, N 13.98. UVA/is (toluene): 
677 nm. 

[0107J A test in * wa8 formulated with mis d y e b Y tne method described ln Comparative Example A with a 0.25 gram 
so portion of the dye from this Comparative Example (note: the molecular weight of this dye is about half that of the dye 
of Example X). The resultant ink swatch revealed poor solubility of the test dye as evidenced by dark streaks caused 
by undissolved dye clumps in the ink. 



EXAMPLE XV 

35 

[0108] A phase change ink according to the present invention was prepared as follows, in a stainless steel beaker 
were combined 1 40 grams of polyethylene wax (PE 655, obtained from Baker Petrolite, Tulsa, OK, of the formula CH 3 
(CH 2 ) 50 CH 3 ) 1 32 grams of stearyl stearamide wax (KEMAMIDB© S-l 80, obtained from Crompton Corporation, Green- 
wich CT), about 40 grams of a tetraamide resin obtained from the reaction of one equivalent of dimer acid with two 

40 equivalents of ethylene diamine and UNICID© 700 (obtained from Baker Petrolite, Tulsa, OK, a carboxylic acid deriv- 
ative of a long chain alcohol), prepared as described In Example 1 of U.S. Patent 6,1 74,937, the disclosure of which 
is totally incorporated herein by reference, 30 grams of a urethane resin obtained from the reaction of two equivalents 
of ABITOL® E hydroabietyl alcohol (obtained from Hercules inc., Wilmington, DE) and one equivalent of Isophorone 
diisocyanate prepared as described in Example 1 of U.S. Patent 5,782,966, the disclosure of which is totaJly incorpo- 

43 rated herein by reference, 12 grams of a urethane resin that was the adduct of three equivalents of stearyl isocyanate 
and a giycerol-based alcohol prepared as described In Example 4 of U.S. Patent 6,309,453, the disclosure of which 
is totally incorporated herein by reference, and 0.5 gram of NAUGUARD® 445 antioxidant (obtained from Uniroyal 
Chemical Co., Middlebury, CT). The materials were melted together at a temperature of about 1 40»C in an oven, then 
blended by stirring in a temperature controlled mantle at about 135'C for about 0.5 hour. To this mixture was then 

so added about 13 grams of the copper phthalocyanine compound prepared as described in Example I. After stirring for 
about 3 additional hours, the cyan ink thus formed was filtered through a heated MOTT<8> apparatus (obtained from 
Mott Metallurgical) using #3 Whatman filter paper and a pressure of about IS pounds per square inch. The filtered 
phase change ink was poured into molds and allowed to solidify to form ink sticks. 

[0109] The cyan phase change ink thus prepared exhibited a viscosity of about 1 0.6 cemipoise as measured by a 
55 Rhecmetrics cone-plate viscometer at about 1 40°c, a melting point of about 80*C as measured by differential scanning 
calorimetry using a DuPont 21 00 calorimQter, a glass transition temperature <T g ) of about 1 4°C, and a spectral strength, 
determined by using a spectrophotographic procedure based on the measurement of the colorant in solution by dis- 
solving the solid ink in toluene and measuring the absorbance using a Perkin Elmer Lambda 2S UV/viS spectropho- 
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tometer, of about 4535 milliliters absorbance per gram at 681 nanometers. 
COMPARATIVE EXAMPLE O 

5 ^! 01 A Ph /nr f « n9 ! inl< WaS preparCd 35 f0,,0ws - ln a stainless steel beak ^ combined 400 grams of oolv- 
e hylene wax (PE 655, obtained from Baker Petrolite, Tulsa. OK, of the formula CH 3 (CH 2 ) S0 CH 3 ) lOOqrimTof J&L 
stearam.de wax (KEMAMIDE® S-180, obtained from Crompton Corporate, QrWnwic^CTV '^raTot Si 
uSr,™™' ?' T, T ,he a reac,ion * <>™ eq^tvafent of dimer acid with two equivalents of e^TdSeW 
UNICIO®700 (obtained from Baker Petrolite, Tulsa. OK, a cart.oxy.ic add derivative of a long ^ain^ohoT^ied 
asdescribedin Example 1 of U.S. Patent 6.1 74,937. the disclosure of which is totaHy incorpomted hereby 
100 grams ofa urethane ream obtained from the reaction of two equivalents of ABITOL®E hydroabieKhS 
tamed mm Hercules nc. . Wfcnmgton, DE) and one equrvalent of isophorone diisocyanate. pipared as dSSedt 
Example 1 of U.* Patent 6.782,966, the disclosure of which is totally incorperetedherein by referenj 4^aS if 
a urethane rasm that was the adduct of threa equivalent 0 f stea^l i 5 ^ 

as descnbed m Example 4 of US. Patent 6,309,453. the fllsctosure of which is totally Incorporated here* by rZ« 
and 0.5 gram of NAUGUA RD® 445 antioxidant (obtalnedfrom Uniroyal Chemica. Co., JSuS^i & m££ 
were melted together at a temperature of about 1 40'C In an oven, then blended by stirring In a temperature controlled 
mantle at about 1 3S-C for about 0.5 hour. To this mixture was then added about 23 grams of 
copper phthalocyanine dye (SAVINYL BLUE GLS. obtained from Clariant Coloration. Coventry, Rl). After stirring for 
about 3 add.t.onal hours, the cyan ink thus formed was filtered through a heated MOTT® apparatus (obtained from 
Matt Metallurgical) using #9 Whatman fitter paper and a pressure of about 15 pounds p^^T^S^Z 
phase change ink was poured into molds and allowed to solidify to form Ink sticks 

[01 11] The cyan phase change ink thus prepared exhibited a viscosity of about" 1 0.6 centipoise as meaeured by a 
R ^°™trK*c™e-platev^ 
« cB°nmetn^ingaDuP^^ 

determined by using a spectrophotographic procedure based on the measurement of the colorant in solution by dis- 
solving the sold ink in butanol and measuring the absorbance using a Perkln Elmer Lambda 2S UV/VIS soectrooho- 
tometer, of about 1 224 milliliters absorbance per gram at about 670 nanometers 

[01 12] The cyan ink thus prepared was placed in a XEROX® PHASER 860 printer, which uses a printing process 
so wherein the ink Is first jetted in an imagewise pattern onto an intermediate transfer member followed by transfer of the 
imagewise pattern from the intermediate transfer member to a final recording substrate. The ink was printed with a 
pnnthead temperature of 138°C and an intermediate transfer drum temperature of 64'C with HAMMEIRMILL LASER- 
PRINT® paper (obtained from International Paper, Memphis. TM). 

35 COMPARATIVE EXAMPLE E 

[01 13] A phase change ink was prepared as follows. In a stainless steel beaker were 500 grams of stearyl stearamide 
wax (KEMAMIDE® S-180, obtained from Crompton Corporation, Greenwich, CT) about 150 grams of £ tetraamide 
resin (UNlREZ® 2970, Arizona Chemical Company, Jacksonville, FL), 100 grams of a urethane resin obtained from 
the reaction of two equ,valents of ABITOL® E hydroabietyl alcohol (obtained from Hercules Inc., Wilmington DE) and 
one equivalent of isophorone diisocyanate, prepared as described in Example 1 of U.S. Patent 6 782 966 the disclo- 
sure of which is totally incorporated herein by reference, 51 grams of a urethane resin that was' the'adduct of three 
equivalents of stearyl isocyanate and a gtycerol-based alcohol, prepared as described in Example 4 of U S Patent 
6,309,453, the disclosure of which is totally Incorporated herein by reference, and 0.5 gram of NAUGUARD® 445 
antioxidant (obtained from Uniroyal Chemical Co., Middlebury, CT). The materials were melted together at a temper- 
ature of about 1 40®C In an oven, then blended by stirring in a temperature controlled mantle at about 13SOC for about 

»a£^ the " BdCteC ' abDUt 23 9mms 0f a «™"*"* amiable <"PPer phthalocyanine dye 

(SAVINYL BLUE GLS, obtained from Clariant Corporation. Coventry, Rl). After stirring for about 3 additional hours the 
cyan ink thus formed was filtered through a heated MOTT® apparatus (obtained from Mott Metallurgical) using #3 
Whatman filter paper and a pressure of about 1 5 pounds per square inch. The filtered phase change irk was poured 
into moWs and allowed to solidify to foim ink sticks. 

[0114] The cyan phase change ink thus prepared exhibited a viscosity of about 1 0.6 centipoise as measured by a 
Rheometncs cone-plate viscometer at about 140'C. a melting pointof about 80»C as measured by differential scanning 
calonmetry using a DuPont 21 00 calorimeter, a glass transition temperature (Tg) of about 5«C, and a spectral strength, 
determined by using a spectrophotographic procedure based on the measurement of the colorant in solution by dis- 
solving the solid ink in butanol and measuring the absorbance using a Perkin Elmer Lambda 2S UV/VIS spectropho- 
tometer, of about 3332 milliliters absorbance per gram at about 67D nanometers. 

[01 15] The cyan ink thus prepared was placed in a XEROX® PHASER 860 printer, which uses a printing process 
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wherein the Ink is first jetted in an imagewise pattern onto an intermeciate transfer member followed by transfer of the 
Imagewise pattern from the Intermediate transfer member to a final recording substrate. The ink was printed with a 
printhead temperature of t38°C and an intermediate transfer drum temperature of 64°C with HAMMERMILL LASER- 
PRINT® paper (obtained from International Paper, Memphis. TN). 

s [01 16] Examination of the spectral sirenath values of the inks of Comparative Example D and Comparative Example 
E clearly indicates a large difference in the solubility of conventional copper phtnalocyanine dye such as SAVINYL 
BLUE GLS between the respective carrier compositions. Comparison of the carrier compositions of Example D and 
Example XV reveals only small differences In the proportions of carrier composition components. 
[0117] Transmission spectra for the phase change inks of Example XV, Comparative Example D, and Comparative 

10 Example E were evaluated on a commercially available spectrophotometer, the ACS SPECTRO-SENSOR II, in ac- 
cordance with the measuring methods stipulated in ASTM 1 E805 (Standard Practice of Instrumental Methods of Color 
or Color Difference Measurements of Materials) using the appropriate calibration standards supplied by the instrument 
manufacturer. For purposes of verifying and quantifying the overall colorimotric performance of the inks, measurement 
data were reduced, via tristimulus integration, following ASTM E308 (Standard Method for Computing the Colors of 

is Objects using the CIE System) in order to calculate the 1976 CIE L* (Lightness), a* (redness-greenness), and b* 
(yellowness-biueness) CIELAB values for each phase change ink sample. In addition, the values for CIELAB Psycho- 
metric Chroma, C* ab , and CIELAB Psychometric Hue Angle, were calculated according to publication CIE15.2, cotor- 
imetry (Second Edition, Central Bureau de la CIE, Vienna, 1986). 

[011 8] The CIE L*a*b* color coordinates of printed swatches of the inks prepared in Example XV, Comparative Ex- 
£0 ample D, and Comparative Example E are listed in the table below. 



Example 


L" 


a* 


b* 


cr 


XV 


58 


-33 


-24 


41 


D 


7B 


-24 


-23 


33 


E 


64 


•24 


-39 


46 



As the data indicate, the Ink of Comparative Example D exhibits a low tinctoral strength relative to Example XV, dem- 
onstrating the unsuitability of the commercially available copper phtnalocyanine dye in this ink. 

COMPARATIVE EXAMPLE F 



[0119} A phase change ink was prepared according to the method described in Example 4 of U.S. Patent 5,91 9,839, 
the disclosure of which is totally Incorporated herein by reference. The cyan phase change Ink thus prepared exhibited 
a viscosity of about 1 0.6 centipolse as measured by a Rheometrlcs cone-plate viscometer at about 140°C, a melting 
point of about 80° C as measured by differential scann ing calorimetry using a Du Pont 21 00 calorimeter, a glass transition 
temperature (Tg) of about 1 0 b C, and a spectral strength, determined by using a spectrop nongraphic procedure based 
on the measurement of the colorant in solution by dissolving the solid Ink in butanol and measuring the absorbance 
using a Perkin Elmer Lambda 2S UV/VIS spectrophotometer, of about 1400 milliliters absorbance per gram at about 
628 nanometers. 

[0120] The cyan ink thus prepared was placed in a XEROX® PHASER 860 printer, which uses a printing process 
wherein the inK Is first jetted in an imagewise pattern onto an intermediate transfer mombor followed by transfer of the 
imagewise pattern from the Intermediate transfer member to a final recording substrate. The ink was printed with a 
printhead temperature of 138°C and an intermediate transfer drum temperature of 64*C with HAMMERMILL LASER- 
PRINT® paper (obtained from International Paper, Memphis, TN). 

[0121} Swatches of printed cyan solid inks from Example XV and of printed cyan solid inks from this Comparative 
Example were irradiated for 10o hours with a xenon lamp. The color difference of each irradiated sample relative to 
Its respective un-lrradlated control swatch was determined according to the methods described hereinabove for ob- 
taining CIELAB values. Color differences were determined following ASTM 02244-89 (Standard Test Method for Cal- 
culation of Color Differences From instrumental Measured Color Coordinates). The table below shows the initial 
printed color measurements in CIE L w a'b* color space of the sample swatches and iheir respective values after 100 
hours of xenon irradiation: 



S5 



Example 


Before Irradiation 


After Irradiation 


Color Difference (AE) 


L* 


a* 


b* 


L" 


a* 


b* 


XV 


54 


-37 


-31 


55 


-41 


-26 


6 
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(continued) 
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Example 


Before Irradiation 


After Irradiation 


Color Difference (AE) 


L* 


a 4 


b* 


L* 


a' 


b* 


F 


57 


22 


*41 


95 


*2 


3 


61 ! 



As the data indicate, the color stability upon xenon lamp Irradiation of the swatch prepared with the ink of Example XV 
is vastly superior to that of the ink prepared in Comparative Example F, as indicated by the lower AE value for Example 
« XV. 

[0122] Swatches of printed cyan solid inks from Example XV and of printed cyan solid inks from this Comparative 
Example were placed In an Atlas Fade-ometer (Atlas Electric Devices Co, Chicago, IL) and irradiated for 100 hours at 
a lamp power of about 1 ,800 watts. The color difference of each irradiated sample relative to its respective un-lrradiated 
control swatch was determined according to ihe methods described hereinabove for obtaining ClELAB values. Color 
15 differences were determined following ASTM D2244-89 (Standard Test Method for Calculation of Color Differences 
From Instrumentally Measured Color Coordinates), The table below shows the Initial printed color measurements In 
CIE L*a*b* color space of the sample swatches and their respective values after 1 00 hours in the Atlas Fade-ometer: 



Example 


Before irradiation 


After irradiation 


Color Difference (AE) 


L" 


a" 


b* 


L* 


a* 


b* 


XV 


54 


-37 


-31 


54 


-39 


-31 


1.4 


F 


57 


-22 


-41 


61 


-15 


22 


21 



£5 

As the data indicate, the color stability upon fluorescent irradiation of the swatch prepared with the ink of Example XV 
is vastly superior to thai of the ink prepared In Comparative Example F, as indicated by the lower aE value for Example 
XV 



EXAMPLE XVI 

[01 23] A phase change ink was prepared as described in Example XV except that a zinc dye according to the present 
invention prepared as described in Example XI was substituted for the dye prepared as described in Example I. The 
ink thus prepared exhibited a viscosity of about 1 0.6 centipoise as measured by a Rheometrics cone-plate viscometer 
at about 140°C, a melting point of about 80°C as measured by differentia] scanning calorimetry using a DuPont 21 00 
calorimeter, and a glass transition temperature (T g ) of about 14°C. 



EXAMPLE XVII 



[0124] A phase change ink was prepared as described in Example XV except that a metal-free dye according to the 
present Invention prepared as described Jn Example XJl was substituted for the dye prepared as described in Example 
I. The Ink thus prepared exhibited a viscosity of about 10.6 centipoise as measured by a Rheometrics cone-plate 
viscometer at about 140°c, a melting point of about ao*C as measured by differential scanning calorimetry using a 
DuPont 2100 calorimeter; and a glass transition temperaiure (T g ) of about 14°C. 

EXAMPLE XVIII 



[0125] A phase change ink is prepared as described In Example XV except that a nickel dye according to trio present 
invention prepared as described In Example XIII is substituted for the dye prepared as described in Example I. It is 
believed that the ink thus prepared win exhibit a viscosity of about 10.6 centipoise as measured by a Rheometrics 
cone-plate viscometer at about 140°C, a melting point of about 80°C as measured by differential scanning calorimetry 
using a DuPont 2100 calorimeter, and a glass transition temperature (Tg) of about 14°C. 



EXAMPLE XIX 

[0126] A phase change Ink was prepared as described in Example XV except that a cobalt dye according to trie 
present invention prepared as described in Example XII I was substituted for the dye prepared as described in Example 
I. The ink thus prepared exhibited a viscosity of about 10.6 centipoise as measured by a Rheometrics cone-plate 
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viscometer at about 140 a C, a merting point of about 80°C as measured by differential scanning calorimetry using a 
DuPont 2100 calorimeter, and a glass transition temperature (Tg) of about 14°C. 

[0127] The inks prepared in Examples XV r XVI, XVII, and XIX were printed using the method of Comparative Example 
A. 

a [0126] Printed samples of the inks of Examples XV, XVI, XVII, and XIX were evaluated for I heir color characteristics, 
which are reported In the table below. Spectral strength (SS) is reported in units of milliliters Absorbance per gram, In 
toluene, Lambda max (X^x) ® reported in nanometers. 



10 



Example 


L - 


a* 


b* 


C* 


SS 




XV 


58 


-33 


-24 


41 


5503 


681 


XVI 


64 


-40 


-20 


45 


5349 


681 


XVII 


59 


-41 


-22 


47 


4136 


703 


XIX 


55 


•13 


-30 


33 


4000 


673 



as the data indicate, trie printed swatch of the ink mad© using the dye wherein M is a zinc atom (Example XVI) is both 
more green and less blue than the primed swatch of the ink made using the dye wherein M Is a copper atom (Example 
XV). Similarly, the printed swatch of the ink made using the dye wherein M is a cobalt atom (Example XI X) is less green 
and more blue than the printed swatcn of the ink made using the dye wherein M is a copper atom (Example XV). 
Further, the printed swatch of the ink made using the dye wherein M is dihydrogen (Example xvil) is more green and 
less blue than the printed swatch of the ink made using the dye wherein M is a copper atom (Example XV). Thus, it is 
apparent that the visual perception of printed samples of these phase change inks can be varied by using different 
atoms within the phthalocyanine ring. Furthermore, combinations of these dyes can be used to obtain a wide selection 
23 0 f color values within the CIE L'a"b* color space. 

EXAMPLE XX 

[01 29] A phase change ink according to the present invention is prepared as follows, A solid ink carrier composition 
30 is prepared as described In Example 2 of U.S. Patent 5,372,852, the disclosure of which is totally incorporated herein 
by reference. To this composition is added about 3.5 percent by weight of the copper phthalocyanine compound pre- 
pared as described in Example I. After stirring for about 3 additional hours, the cyan ink thus formed is filtered through 
a heated MOTT® apparatus (obtained from Mott Metallurgical) using #3 Whatman filter paper and a pressure of about 
1 5 pounds persquare inch. The filtered phase change ink is poured into molds and is allowed to solidify to form ink sticks. 
35 [01 30] tt is believed that the cyan phase change ink thus prepared will exhibit a viscosity of about 1 1 to 1 3 centipoise 
as measured by a Rheom ©tries cone-plate viscometer at about 140°C, a melting point of about 80° C as measured by 
differential scanning caJorimerry using a DuPont 2100 calorimeter, a glass transition temperature (Tg) of aoout 14°C, 
and a spectral strength (determined by using a spectre-photographic procedure based on the measurement of the 
colorant in solution by dissolving the solid ink in toluene and measuring the absorbance using a Perkin Elmer Lambda 
40 2S UvWIS spectrophotometer) of about 4535 milliliters absorbance per gram at 681 nanometers. 

EXAMPLE XXI 

[0131] A phase change ink according to the present invention is prepared as follows. A solid ink carrier composition 
45 is prepared as described in Example 11 of U.S. Patent 5,780,528, the disclosure of which te totally incorporated herein 
by reference. To this composition is added about 3.5 percent by weight of the copper phthalocyanine compound pre- 
pared as described in Example I. After stirring for about 3 additional hours, the cyan ink thus lormed is filtered through 
a heated MOTT® apparatus (obtained from Mott Metallurgical) using #3 Whatman filter paper and a pressure of about 
1 5 pounds persquare inch. The filtered phase change ink Is poured into molds and is allowed to solidify to form ink sticks. 
50 [0132] It is believed that the cyan phase change ink thus prepared will exhibit a viscosity of about 11 to 1 3 centipoise 
as measured by a Rheometrics cone-plate viscometer at about 140°C, a melting point of about 80°C as measured by 
differential scanning calorimetry using a DuPont 2100 calorimeter, a glass transition temperature (Tg) of about 14°C, 
and a spectral strength (determined by using a spectrophotographic procedure based on the measurement of the 
colorant in solution by dissolving the solid ink in toluene and measuring the absorbance using a Perkin Elmer Lambda 
55 2S UVA/IS spectrophotometer) of about 4535 milliliters absorbance per gram at 681 nanometers. 
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EXAMPLE XXH 

r0133l A ohase change ink according to the present invention is prepared as follows. A solid ink carrier composition 
teDreLedaLSscrlbed in Example 12 of U.S. Patent 5780528. tne disclosure of which Is totally ^orpomtedhere.n 
bv reference To this composition is added about 3.5 percent by weight of the copper phthalocyanine ^rnpowi d pre- 
pared as described in Example I. After stirring for about 3 additional hours, the cyan ink thus formed is filtered through 
a heated MOTT® apparatus (obtained from Mott Metallurgical) using #3 Whatman filter paper anc i 1 1 pressure of about 
^Sooundswr^ 

Oi sll It te Seved that the cyan phase change inKmua prepared will exhibit a viscosity of alwut 11 to 13 cent^ee 
Ls Zs red by a RheometricTcone-piate viscometer at about 140'C. a melting point of about 80-C :m ' ^as«red by 
SSferenfia scanning calorlmetry using a DuPont 21 00 calorimeter, a glass transrtion temperature (Tg) of abo* 14 C 
Mti TnlSa™™** (determined by using a spectrophotographic procedure based on the measurement of the 
Slorant insolutlon by dissolving the solid ink in toluene and measuring the absorbance using a Perk>n Elmer Lambda 
2S UVA/IS spectrophotometer) of about 4535 milliliters absorbance per gram at 681 nanometers. 

EXAMPLE XXIII 

roiasi A ohaae change ink according to the present invention Is prepared as follows. A solid Ink carrier composition 
ELed as described in Example 13 of U.S. Patent 5,780,528, me disclosure of which is totally incorporated herein 
by P rXence To this composition is added about 3.5 percent by weight of the copper P^alocyan-ne ~^o«n^e- 
oLS aTdTsc ibed in Example I. After stirring for about 3 additional hours, the cyan ink thus formed « filtered through 
abated MOTT© apparatus (Obtained from Mott Metallurgical) using #3 Whatman finer paper anc I a pressure of about 

01361 n^eScvedthatrhecyan phase change ink thus prepared will exhibit a vis^ 
72L£7 - Bheometncs'con^late viscometer at about 140-C, a melting point o, about « 
^tfTmnfe scanning calorimetry using a DuPont 2100 calorimeter, a glass transrtion temperature (Tg) of about 14 C. 
a dTs p e^ « spectrophotographic procedure based on the measurement of the 

cc'orant inl^on by dissolving the solid Ink in to.uene and measuring the absortance using a Perkln Elmer Lambda 
SSls spectrophotometer of about 4535 milliliters absorbance per gram a, 681 nanometers. 

EXAMPLE XXIV 

rol37l A Ohase change ink is prepared as described in Example XX except that a -tine dye according to the Present 
nverri on p£S*- described In Example XI is substituted for the dye prepared as desenbed ,n Example , L ItK 
th« *e ink thus prepared will exhibit a viscosity of about 11 to 13 centipoise as measured by a Rheometrics 
S Z Sate ;52iSJ J * siting P-t oTabout 80«C as measured by differentia, scanning calonmetry 

using a DuPont 21 00 calorimeter, and a glass transition temperature (Tg) of about 14 C. 

EXAMPLE XXV 

raissi a ohase change ink is prepared as described in Example XX except that a metal-free dye according to the 
St inve P n«on p£pare £s bribed in Example XI. is substituted for the dye prepared as described in Exampfc 
r^rJe^o that ne ink thus prepared will exhibit a viscosity of about 11 to 13 centipoise as measured by a Rheo- 
C at about 140*. a melting point of about 80-C as , measured by denial scanmng 
Sortmetry using a DuPont 2100 calorimeter, and a glass transition temperature fjg) of about 14 C. 

EXAMPLE XXVI 

rmmi A ahase chanoe ink is prepared as described in Example XX except that a nickei dye accordingto the present 
Hon o^ttZS*^* XII. is eubstituted for the dye prepared as described In Emple Us 
Se^ Se ink thus prepared will exhibit a viscosity of about 11 to 13 centipoise as measured by a Rhaometr.cs 
cone plate vl^ometer at a'bout 140'C. a melting point o, about 80'C as meaauredby drflerent.a. scanning calorimetry 
U9 |ng a DuPont 2100 calorimeter, and a glass transition temperature (Tg) of about 14 C. 



SS EXAMPLE XXVII 



[01401 A phasechange Ink is prepared as described in Example XX except that a cobalt dye ^S^^STR 
Son prepared as described in Example XIV is substituted for the dye prepared as desenbed in Example I. It ,s 
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believed thai the ink thus prepared will exhibit a viscosity of about 1 1 to 13 cemipoise as measured by a Rheometrics 
cone-plate viscometer at about 140°C, a melting point of about BO'C as measured by differential scanning calorimetry 
using, a DuPont 2100 calorimeter, and a glass transition temperature (Tg) of about 14°C. 

* EXAMPLE XXVItl 

[0t41] A phase change ink is prepared as described in Example XXI except that a zinc dye according to the present 
invention prepared as described in Example XI is substituted for ihe dye prepared as described in Example I. It is 
believed that tno ink thus prepared will exhibit a viscosity of about 11 to 13 cemipoise as measured by a Rheometrics 
10 cone-plate viscometer at about 1 40°C a melting point of about 80°C as measured by differential scanning calorimetry 
U6ing a DuPont 21 00 calorimeter, and a glass transition temperature (Tg) of about 14°C. 

EXAMPLE XXIX 

15 [0142] A phase change ink is prepared as described in Example XXI except that a metai-lree dye according to the 
present Invention prepared as described in Example XII is substituted for the dye prepared as described in Example 
I. It Is believed that the Ink thus prepared will exnibit a viscosity of about 11 to 13 cemipoise as measured by a Rheo- 
metrics cone-plate viscometer at about 14Q°C, a melting point of about 80°C as measured by differential scanning 
cafonmeLry using a DuPont 2100 calorimeter, and a glass transition temperature (Tg) of about 14°C. 

so 

EXAMPLE XXX 

[0143] A phase change ink is prepared as described In Example XXI except that a nickel dye according to the present 
invention prepared as described in Example XI II is substituted for the dye prepared as described in Example I. It is 
25 believed that the ink thus prepared will exhibit a viscosity of about 11 to 13 cemipoise as measured by a Rheometrfca 
cone-plate viscometer at about 1 40°C, a melting point of about B0°C as measured by differontiaJ scanning cajorimetry 
using a DuPont 2100 calorimeter, and a glass transition temperature (Tg) of about 14°C. 

EXAMPLE XXXI 

30 

[0144] A phase change ink is prepared as described in Example XX I except that a cobalt dye according to the present 
invention prepared as described In Example XIV is substituted for the dye prepared as described in Example I. It is 
believed that the ink thus prepared will exhibit a viscosity of about 11 to 13 cemipoise as measured by a Rheometrics 
cone-plate viscometer at about 140*0, a melting point of about B0°C as measured by differential scanning calorimetry 
35 using a DuPont 21 00 calorimeter, and a glass transition temperature (Tg) of about 14°C. 

EXAMPLE XXXII 

[0145] A phase change ink is prepared as described in Example XXil except that a zinc dye according to the present 
to invention prepared as described In Example XI is substituted for the dye prepared as described in Example I. It is 
believed that the ink thus prepared will exhibit a viscosity of about 11 to 13 cemipoise as measured by a Rheometrics 
cone-plate viscometer at about 1 40*C, a melting point of about 80°C as measured by differentia! scanning calorimetry 
using a DuPont 2100 calorimeter, and a glass transition temperature (Tg) of about 14°C. 

45 EXAMPLE XXXIII 

[0146] A phase change ink is prepared as described in Example XX|| except that a meial-free dye according to the 
present Invention prepared as described in Example XIP is substituted for the dye prepared as described in Example 
I. it is believed that the ink thus prepared will exhibit a viscosity of about 1 1 to 13 centipoise as measured by a Rheo- 
metrics cone-plate viscometer at about 140 P C, a melting point of about BO°C as meaeured by differential scanning 
calorimetry using a DuPont 2100 calorimeter, and a glass transition temperature (Tg) of about 14°C. 

EXAMPLE XXXIV 

3* [0147] A phase change ink is prepared as described In Example XXil except that a nickel dye according to the present 
invention prepared as described in Example XIII is substituted for the dye prepared as described in Example I. It is 
believed that the ink thus prepared will exhibit a viscosity of about 11 to 13 cemipoise as measured by a Rheometrics 
cone-plate viscometer at about 140°C, a melting point of about 80°C as measured by differential scanning calorimetry 
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using a DuPont 2100 calorimeter, and a glass transition temperature (Tg) of about 14°C. 
EXAMPLE XXXV 

5 [0148] A phase change ink is prepared as described In Example XXII except that a cobalt dye according to the 
present invention prepared as described In Example XIV is substituted for the dye prepared as described in Example 
I. It is believed that the ink thus prepared will exhibit a viscosity of about 11 to 13 centlpoise as measured by a Rheo- 
metrics cone-plate viscometer at about 140°C, a melting point of about 80*C as measured by differential scanning 
calorimetry using a DuPont 2100 calorimeter, and a glass transition temperature (Tg) of about 14 6 C. 

10 

EXAMPLE XXXVI 

[0149] A phase change Ink Is prepared as described in Example XXIII except that a zinc dye according to the present 
invention prepared as described in Example XI is substituted for the dye prepared as described in Example I. It is 
is believed that the ink thus prepared will exhibit a viscosity of about 11 to 13 centipoise as measured by a RhQometrics 
cone-plate viscometer at about U0°C, a melting point of about 80°C as measured by differential scanning calorimetry 
using a DuPont 2100 calorimeter, and a glass transition temperature (Tg) of about 14*c. 

EXAMPLE XXXVII 

so 

[0150] A phase change ink Is prepared as described in Example XXIII except that a metal-free dye according to the 
present invention prepared as described in Example Xll is substituted for the dye prepared as described in Example 
I. It is believed that the ink thus prepared will exhibit a viscosity of about 11 to 13 centipoise as measured by a Rheo- 
metrlce eone-plate viscometer at about 140°C, a melting point of about 80°C as measured by differential scanning 
25 calorimetry using a DuPont 2100 calorimeter, and a glass transition temperature (Tg) of about 14°C. 

EXAMPLE XXXVH! 

[0151] A phase ehanga ink is prepared as described in Example XXIII except that a nickel dye according to the 
30 present invention prepared as described in Example XMI is substituted for the dye prepared as described in Example 
I It Is believed that the inkthus prepared will exhibit a viscosity of about 11 to 13 centipoise as measured by a Rheo- 
metrics cone-plate viscometer at about 140°C> a melting point of about eo°C as measured by differential scanning 
calorimetry using a DuPont 2100 calorimeter, and a glass transition temperature (Tg) of about 14°C. 

35 EXAMPLE XXXtt 

[0152] A phase change ink is prepared as described in Example XXIII except that a cobalt dye according to the 
present invention prepared as described in Example XIV Is substituted for the dye prepared as described in Example 
I ^ | 3 believed that the ink thus prepared will exhibit a viscosity of about 1 1 to 13 centipoise as measured by a Rheo- 

40 metrics cone-plate viscometer at about 140°C, a melting point of about B0°C as measured by differential scanning 
calorimetry using a DuPont 2100 calorimeter; and a glass transition temperature (Tg) of about 14°C. 
[0153] Other embodiments and modifications of the present invention may occur to those of ordinary skill in the art 
subsequent to a review of the information presented herein; these embodiments and modifications, as well as equiv- 
alents thereof, are also included within the scope of this invention. 

o [0154] The recited order of processing elements or sequences, or the use of numbers, letters, or other designations 
therefor, Is not Intended to limit a claimed process to any order except as specified in the claim Itself . 



Claims 

1 . A phase change ink composition comprising a phase change ink carrier and a colorant compound of the formula 
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wherein M is an atom or group of atoms capable of bonding to the central cavity of a phthalocyanine molecule, 
wherein axial tigands optionally can be attached to M. 

2. A phase change Ink composition according to claim 1 wherein the phase change ink carrier comprises (a) stearyl 
as stearamide, (b) a dimer acid based tetra-amide that is the reaction product of dimer acid, ethylene diamine, and 

stearic acid, or (c) mixtures thereof. 

3. A phase change ink composition according to claim 1 wherein the phase change ink carrier comprises (a) stearyl 
stearamide, (b) a dimer acid based tetra-amide that is the reaction product of dimer acid, ethylene diamine, and 

40 a carboxylic acid havrng at least about 36 carbon atoms, or (c) mixtures thereof. 

4. A phase change ink composition according to claim 1 wherein the ink carrier comprises (a) a polyethylene wax, 
(b) a stearyl stearamide wax, (c) a dimer acid based tetra-amide that is the reaction product of dimer acid, ethylene 
diamine, and a carboxylic acid having at least about 36 carbon atoms, (d) auretnane resin derived from the reaction 

*5 of two equivalents of hydroabietyl alcohol and one equivalent of isophorone dllsocyanate, (e) a urethane resin that 

is the adduct of three equivalents of stearyl isocyanate and a glycerol-based alcohol, and (f) an antioxidant. 

5. A phase change ink composition according to claim 1 wherein the ink carrier comprises (a) a polyethylene wax in 
an amount of at least about 25 percent by weight of the ink and in an amount of no more than about 60 percent 

so by weight of the ink, (b) a stearyl stearamide wax in an amount of at least about 8 percent by weight of the Ink and 

in an amount of no more than about 32 percent by weight of the ink, (c) a dimer acid based tetra-amide that is the 
reaction product of dimer acid, ethylene diamine, and a carboxylic acid having at least about 36 carbon atoms in 
an amount of at least about 10 percent by weight of the ink and in an amount of no more than about 32 porcont 
by weight of the ink, (d) a urethane resin derived from the reaction of two equivalents of hydroabietyl alcohol and 

ss one equivalent of Isopnorone diisocyanaxe in an amount of at least about 6 percent by weight of the ink and in an 

amount of no more than about 16 percent by weight of the ink, (e) a urethane resin that is the adduct of three 
equivalents of stearyl Isocyanate and a glycerol-based alcohol in an amount of at least about 2 percent by weight 
of the ink and in an amount of no more than about 13 percent by weight of the ink. and (f) an antioxidant in an 
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amount of at least about 0.01 percent by weight of the ink and in an amount of no more than about 1 percent by 
weight of the ink. 

6. A phase change ink composition according to claim 1 wherein the ink has a melt viscosity at a temperature of 
s about 140'C of no more than about 30 centipoise. 

7. A phase change Ink composition according to claim 1 wherein M is (a) dihydrogen, (b) a metal which is dillthlum, 
djsodium, dipotassium, beryllium, magnesium, calcium, strontium, barium, chromium, manganese, iron, cobalt, 
nickel, copper, 2inc, tin, lead, cadmium, or mixtures thereof, (c) a divalent haiometai or -metalloid group wherein 

io the metal is iron, titanium, chromium, aluminum, gallium, indium, phosphorus, silicon, germanium, tin, or mixtures 

thereof and the halide is fluoride, chloride, bromide, Iodide, or mixtures thereof, (d) a divalent oxometal group 
wherein the metal is molybdenum, vanadium, titanium, or mixtures thereof, (e) a hydroxymetal group wherein the 
metal is aluminum, gallium, sillcon : germanium, tin, or mixtures thereof, (0 a divalent metal- or metailoidal-oxyhy- 
drocarbon group, wherein the metal is aluminum, gallium, silicon, germanium, or mixtures thereof, and the oxyhy- 

is drocarbon is an oxyaikyl group, an oxyaryl group, an oxyalkylaryl group, an oxyaryialkyl group, an oxyheterocycilc 
group, or mixtures thereof, or (g) a mixture of two or more of (a) tnrough (f). 

8. A process which comprises (a) Incorporating into an ink Jet printing apparatus a phase change ink composition 
comprising a phase change ink earner and.a colorant compound of the formula 

so 



25 
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45 




50 

wherein M Is an atom or group of atoms capable of bonding io the central cavity of a phtheJocyanine molecule, 
wherein axial ligande optionally can be attached to M; (b) melting the ink; and (c) causing droplets of the melted 
ink to be ejected in an Imagewise pattern onto a substrate. 

55 g. A process according to claim 8 wherein the substrate is an intermediate transfer member and droplets of the melted 
ink are ejected in an imagewise pattern onto the intermediate transfer member followed by transfer of the imagewise 
pattern from the intermediate transfer member to a final recording sheet. 
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10. A process according to claim 8 wherein the intermediate transfer member is heated lo a temperature above that 
of the final recording sheet and below that of the melted ink in the printing apparatus. 
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